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U. 8. COAST AND GEODETIC SURVEY REPORT FOR 1893.—PART IL

PREFATORY NOTE.

i The text of this Report for the fiscal year 1892 has been arranged for publication-
B two parts, like that for the fiscal year preceding.
r P“_rt 1, in quarto form, contains the historical portion, presenting reports of prog-
688 in the field and office operations of the Survey; estimates for future progress,
:‘E;ltﬂiz&tements. of expenditures during the fiscal year, Maps of general progress, and
Slu'vL e8 showing localities of field work, exhibit graphically tho advance of the
ey to June 30, 1893,
mll::t II, it will be observed, is in octavo, and includes the professional papers
Ing to the methods, discussions, and results of the Survey which have been
ZPproved for publication during the year. Such illustrations as are noeded accom-
pany them,

The oqt&vo form is more convenient and suitable for thoscientific and professional
Papers, while the quarto form appenrs to be demanded for tho statistical matter and
inet{]’mgl‘ess sk(.atches. Since the latter are of less general interest thm.x t.ho fo?mer, )
that t"h_ﬁltu.l‘e distribution of the Report, Part IT only will bo sent, as it is believed
cony 18 will include all that is generally desired, and in o much more compact and

nenlel?t form tLan that of the old quarto.
8pecial eases, where both parts are desirable, they will be sent.
T. C. MENDENHALL,
Superintendont.
It
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APPENDIX No. 1—1898.

STATE LAWS AUTHORIZING OFFICERS OF THE UNITED STATES COAST
AND GEODETIC SURVEY TO ENTER UPON LANDS WITHIN S8TATE
LIMITS FOR THE PURPOSES O THE SURVEY.

LETTER OF TRANSMISSION.

UniTED STATES COAST AND GEODETIC SURVEY,
Washington, D. C., December 29, 1893.

SIR: In accordance with your suggestion that it is desirable to have
Publighed, as an appendix to the report for 1893, the laws of several of
the States enacted for the protection of Coast Survey parties working
therein, I have had the accompanying typewritten copies made, for
the printer’s use, of all such laws that we have any record of in this
?ﬂice. According to this record, laws have been passed in the follow-
Ing nineteen States: California, Connecticut, Georgia, Illinois, Indiana,
Maine, Maryland, Massachusetts, Minnesota, Missouri, New Hamp-
Sh.ire, New Jersay, Ohio, Oregon, South Carolina, Tennessee, Vermont,
Virginia, and West Virginia.

In order to insure the accuracy of the manuscript copies of the laws
on file in this office, I took them over to the Law Library of Congress
and compared them with the printed laws on file there.

Finding that they were incomplete and full of inaccuracies, I care-
fully corrected them, and from the corrected text Miss Hein then
made typewritten copies. These I have carefully compared, and now
Submit them (56 pages) as exact copies, following strictly the pune-
tuation and capitalization of the printed laws.

Respectfully, yours,
GEORGE A. FAIRFIELD,

Assistant in Charge of State Surveys.
Dr. T. C. MENDENHALL, :
Superintendent Coast and Geodetic Survey.

8. Ex. 19, pt, 2-—1



STATE 1ILAWS

FUR THK

PROTECTION OI' COAST SURVEY 'PARTIES.Y

CALIFORNIA.
CiArter LXXV,

An Act to authorizo persons engaged in the United Statos Coast Survey, upon the Const ot California,
to enter on lands within this State, for the purpose of said Survey; to protect the operations of tho
same from injury and molestation; to ascertain the mode of assessing damages caused to any prop-
orty in the progroess of the samo, and to provido for the punishmont of offendors agaiust the pro-
visjons of this Act, and for othor purposes.

The People of the State of California, represented in Senate and Assembly, do enact as
Sollows :

Skc. 1. That from and after the passing of this Act, any and every person employed
under and by virtue of an Act of Congress of the United States, passed the tenth
day of February, ono thousand eight hundred and seven, and the supplements
thereto coucerning the United States Coast Survey, may enter upon Lands and clear
and cut the timber, within this State, upon the same, and may erect any works,
Luildings, or appendages requisite for the purpose of exploring, surveying, triangu-
Iation, leveling, or doing any other act requisite to effect the object of said Act of
Congress, without being considered as a trespasser: Irovided, no unnecessary injury
be done thereto.

SEc. 2. That if the parties interestod—namely, party or parties reprosenting the
Government of the United States Coust Survey on thie Coast of Calitornia, and the
owners or possessors, of the Laud so entered upon, and to which damnge may have
been dono—cannot agree togethor upon the amount to be paid for the damages
caused by doing any of the acts aforesaid, either ot them may compluin, in o sum-
mary manner, to the nearest Justice of the Peace for the District of the County
where the damages may have been committed, who shall associate with bimself two
disinterested freeholders of the suid County, one to be named by each party iuter-
ested, who shall, upon hearing the parties, and with or without view of the prewmises,
as they may determine, proceed to assess and award any damages which may have
accrned to the owners or possessors of the Land so entered upon: Prorided, nover-
theless, that the party complaining as, aforesaid, sh: \l serve upon the opposite party
interusted, ten days notice, in writing, of the time and place where said complaint
is to Lo lieard, and the name of the freeholder by liim selected.

Skc, 3. ’J‘hat thesaid magistrate and freeholders shall, without unreasonable delay,
file in the Office of the Clerk of the County Court of the County where the said
complaint may have been heard, a report of their proceedings, which report shall bo
conclusive against the parties, and bo evidonce of their assent to the same; unless
either of thom shall, within ten days after filing of the said report, file a general of
gpocial objection to tho sawe in the oflice of the said Clerk, of which the other party

2



REPORT FOR 1893—PART IL 3

8hall have notice; wheroupon an issue shall be enade up and a trial bad ot the next
term of the County Court of said County, in tho same maunner in which civil cascs
are tried ; lcxcopt that the judgment shall be rendered and the damages assessed at,
the first terin,

§rc. 4, That any person 8o cntering upon Land, as afuresaid, for the purposes
aforessid, may tender to the party injured gufficient amends for any damages done
;‘D(m snid Land; and if, upon exmmination Defore the Justico of the Peace and freo-
lolders us aforesaid, or upon trial bofore the County Court, tho damuges finally
assessed shall not exceed the amount so tendered, the person who has so entered and
tendered thio amount, shall recover his costs.

8EC. 5, That the Justices of tho Pence and Freeholders aforesaid, npon compluint
made tothem as aforesnid, and decision given, shall recoive the samo costs to which,

¥ law, Justices of the Peace are ontitled in a civil case from summons to judgment;
a;f;‘ upon the trjal in the County Court tho costs shall be taxed by analogy to the

ill of Costs in said Court, ostablished by law.
relsnl‘(‘;C. G. 'l‘h‘nt if any porson or persons shall wilfully or wantonly injure, deface, or
or cove any 1||s?rnment, signal, monument, building, or any appendagoe thereto, used
uromnﬂi:aructed in tho State of California, under and by virtue of tho Act of‘ Congress

o\ 80id, he and they shall bo liable to indictment for the same, under this Statute,
two ﬁCh and every offonce, and upon conviction, shall be gentenced to pay ﬁne.of
doca] undred dollars, one-half of which shall go to the prosecutor, xfud the remain-
of o1 1‘1111 be approprinted according to tho Laws of this State regulating the disposal
cl'et‘mh fines, or shall bie imprisoned not more b.hxm one month, or both, at the dis-
Bllnlll(m of the 90nrt bofore which such conviction shall t:.),ko place, and he mn‘d they
rensouulso bo linble for a1l damagoes sustnined by tho United Statos of Amen.uu., by
the ¢ Of any such injury, defacemont, or romovul; to Le recoverod by action on

486 in any Court of competont j urisdiction.
SEC. 7. This Act shall take offect from and after its passuge
Approved April 2, 1852,

CONNECTICUT.

Cuarver X1
An Accreluting to the Survoy of the Coast of Connoeticut.

Be it enqoted by the Senate and Houae of Representatives in Goneral ssembly convened:
Do.s:::(i 111 Persons employed under an act of the Congress of the United States,
B“Pplenl 10 tenth day of Febraary, in tho year eightoen hundred aud seven, and the
may 1 1011t§ thercto, may enter upon lands within this state, for any purposo w.hich
bui.ldig necérsary to offect the objects of said act, and may erogt 'works, stations,

Ste g“:lol‘ nppend'nge.s for thnt purpose, doing no unnecossary ujury. .
ages c-m. fthe purtles.mterosted cannot agreo upon the amount to b.o I_"“d for dam-
connt i\sed- ‘;Ahcrcby, oither of them may petition t.he county cominissioners of the

N nu):l n )(;hlch the land lics, who shall appoint n time for a Liearing, a8 soou ns may
Without,or .t.sr at least fourtoen days’ notico to all persons interested, 'and, with or
Wituegmu‘ iow of tho promises, as they muy detormine, hour the parties nnd their

S 38 and assess the damagoes.
conrt ;)f-t;l‘he.conntx comx‘nissimlers shall file in the oftico of th(} cler.k of ‘the super‘ior
shall b ¢ 18 {.Oll.uty in which the land is situatod, o 1'(Eporb. of their doings, \Vh}ch
of such, r:uo‘ usive, unless. one of the purties sl‘mll, \\'lthlll' thirty days a.fter the flling
rior courtI-)oil t, ﬁl(? o potition to said court for & new lne:}l'}ug 10 be had m_such supe-
the sad 8, n \.vluch ga.se,., aftor such notice of such p.etmon to th.o opposite p:}rty as
the Sllprenl:g)e'mor court, if in session, or, if in vacation, us any judge thereof or of

Court, or any county commissioner of the county in which such petition
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is pending, shall direet, a trial shall be bad in said court, in the same maunner as
other eivil actions are tried, and such hearing shall take precedence of all other civil
actions.

Sizc. 4. The person so ontering upon land may tender to the party injured amends
therefor; and. if the damages finally assessed do not oxcoed the amount tendered,
the person entering shall recover costs; otherwise, the prevailing party shall recover
costs.

SEC. 5. The costs to be taxed and allowed in all such cases, either beforo the
county commissioners or the superior court, shall be the same as are ordinarily taxed,
according to the rules and practice in the superior court.

8kc. 6. Whoever wilfully injures, defaces or removes any signal, monument, build-
ing or appendage thereto, erected, used or constructed, under said acts of Congress,
shall forfeit the sun of fifty dollars for each offense; and shall Lo liable for damages
sustained by the United States, to be recovered in an action of tort.

Approved June 5th, 1861.

GBORGIA.

{¥rom ** The Codo of the State of Georgia, 1882."]
Part I—Title I—Chapter I.
ArTICLE IIL
COASBT SURVEY,

[Act of 1847, Code, p. 155.

¢ 23. (23.) (25.) Coast surveyors.—;Any person employed under the Act of the Con-
gress of the United States, providing for a survey of the coasts, mmay enter upon
lands and clear or cut timber within this State upon the same, for any purpose legiti-
mately connected with, and requisite to effect, the said object: I’rovided, no unneces-
sary injury be done thereby, and all damages to the owner of the land be promptly
paid.
[Act of 1847, Code, p. 155.]

.6 24. (24.) (26.) Damage to land-owners.—If the parties representing the Govern-
ment of the United States, and the owner or possessor of the land so eutered upon,
ocannot agree upon the amount to be paid for said damages, either party may com-
plain in o summary ynanner to the nearest Justice of the Peace of the county in
which the land lies, who shall associate with him two disinterested freeholdors of
the county—one to be named by each party interested—who shall, upon lhearing the
porties, and with or without view of the premises, as they may determine, proceed
to assess and award the damages, if any: Provided, the party complaining shall give
tho opposite party ten days’ notice, in writing, of the timo and place when and
where said complaint is to be heard, and the name of the frecholdoer by him selected.

[Act of 1847, Code, p. 156.]

$ 25. (25.) (27.) Award and objections thereto.—The saiu ussessors, withiout nnrea-
sonable delay, shall file their award in tho offico of the Ordinary of the county, which
shall be conclusive upon both parties, unless objections ave filed to the same within
ten days after the filing of the award. If objections aro filed, the other party shall
bave written notice; wherenpon an issue shall he made and tried at the first term
thereafter of suid Court, under the same rules as other civil cases.
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[ Act of 1847, Code, p. 156.]

su§ 26. (26.) (28.) I’amages, tender of.—~The person so entering upon lands may tender
SLCh amount as ho chooses for the damage done, and if the damages finally assessed
41l not exceed the sum tendered, the party complaining shall pay all costs.

[Act of 1847, Code, . 156.]

ull§ 21, (27.) (29.) Costs.—The costs before an Ordinary shall be the same as are
owed in civil cases iu said Courts.

Part IV—Title I—Division XII.
{ (a) Acts of 1865-G, p. 233.]

ful§]4619. (4529.) (41.183.) Injuries to coust survey Sfixtures.—Any person who shall will-

Othgror wantonly injure, deface or remove any signal, monument, building, or any

auth aipt‘)endugo thereto, erected within this State Ly virtue of any Aot of Congress

[shn;;r‘l)zmg n: coast survey, shall be guilty of o misdemneanor, and, on convietion,
e punished as prescribed in section 4310 of this Code.] (a)

Part 1V—Title I—Division 111.

fagt‘ism. (4245.) (4209.) Punishment of accessories after the Fact.—Aoccessories after the
not ’t :Xcept where it is otherwiso ordered in this Code, shall be punished by n‘fme
in the eic(}ed one thousand do}lars, imprisonment not to exceed six months, to work
tics o chiain-gang on tho. public works, or on such other works us tho county authori-
of the:y OmIfloy the chain-gang, not to excoed twelve mouths, and any one or mnore
Tothin °ll:lml.shments‘mny Lo ordered in the discretion of the Judge: Provided, that
Vato g herein contained shall authorize the giving the control of convicts to pri-

Persons, or their employment by the county authorities in such mechanical

p?“‘“itﬂ as will bring the products of their lubor into compotition with the products
of free labor.

ILLINOIS.
SURVEY.
UNITED SBTATES COAST AND GRODETIC SURVEY.

An Aot relating to the operations of ihe Taited Statos coast and geodetic survey.

erszZ::ON 1. 'I'Ie it enaoted by the People of the Stato of Illinois, reg)reaented in the Gen-
of the I‘J”"M.'l, That any person employed under and by virtue of an act of congress
dred 8‘m;llted States, approved the tenth day of February, oue thousand eight hun-
United S:etVOD, and of the sup.ploments thereto, for the survey of tho‘ coasts of the
etween tﬁ e;;;Ot, l'mder the .dn:ect,ion of congress, to form a g_eodetl_c connection
Surveys, 1 e Aflantio and Pacific consts, und to furnish triangulation points for state
g‘llutin, ;my ;nter upon l.unds within this state, for the purpose of exploring, trian-
to cung, 0:6 ing, s}lrveymg, and of doing any other act which may bo Decessary
and 5 ye°“1 the Ob.le'cfa of suid 1aws, and may erect any works, stations, buildings
$ 2.p;’f :l( nges Yéqm‘tuto for that purpose, doing no unnecessary injury thereby.
ages cmme(lletgartms luto}‘ef!tetl cannot agree upon the amount to be paid for dam-
48 provided I el::sby the Unitod States of Americx? maypx'ocqed to condemn said land,
approved 4 y Anact t.o provide for the oxerciso of the right of eminent domain,”
§3. 1¢ aupﬂl 10, 1872, in force July 1, 1872.
buil ding 037 person shall wilfully defn.lce, injure or remove any sigoal, monument,
“l’ucted'o other property of the United States coast and geodetic survey, cou-
r used under or by virtue of the act of congress aforesnid, he shall forfeit
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a sum not exceeding fifty dollars for oach offense, and shall bo liable for damages
sustained by the Umted States, in an action on the case in any court of competent
Jjurisdiction.

Approved April 21, 1881.

INDIANA.
Cuarter XCV,

An Act relating to the operations of tho United States Const and Goodetic Survey in the Stato of
Indiana, and decluring an emergency.

SecTiON 1. Be it enacted by the Genecral Assembly of the State of Indiana, That any
person employed under and by virtue of an act ot Congress of the United States,
passed the tenth day of Fobruary, one thonsand eight hundred and seven, and of
the supplements thereto, for the survey of tho coasts of the United States, or undor
the direction of Congress, to furin a geodetic counection between the Atlantic and
Pacific coasts, and to furnish triangulation points for Stato surveys, may enter upon
lands within this Stato for the purpose of oxploring, triangulating, leveling, sur-
veying and doing any other act which may be necessary to carry out the objects of
said laws, and may erect any works, stations, buildings and appendages requisite
for that purpose, doing no unnecessary injury thoreby.

Skc. 2, If the parties interested can not agreo upon the amount to be paid for
damagos caused thereby, either of them may petition the Circuit Court in the
county in which the land is sitnated, which Court-shall appoint a time for o hearing
as soon as may bo, and order at least fourteen days notice to be given to all parties
interested and with or without a view of the premises, as the Court may determine,
hear the parties and their witnesses and assess dmnages.

Skc. 3. The person so ontering upoh land, may tender to the party injured, amends
~ therefor, and if, in case of appeel to the Circuit Court, the dumages finally assessoed
do not exceed tho amount tendered, the person cntering shall recover costs, other-
wise the prevailing party shull recover costs.

SEC. 4. Tho costs to be allowod in all such cases shall be the sume as allowed
according to rules by tho Court.

SEC. 5. If any person shall wilfully doface, injure, or remove, any signal, monu-
ment, building, or other property of the United States coast survey, constructed,
or used under or by virtuo of tho acts of Congress, aforesnid, he shall forfeit a sum
not oxceeding fifty dollars, for cach offonse, and shall be liable for damages sns-
tained Ly the United Stutes in consequonce of such defacing, injury, or removal, to
be recovered in an action on tho case in any Court of compotent jurisdiction.

SEC. 6. Whereas an emergency cxists for the inmediato taking effect of this act,
therefore, the sawme,shall take effect and be in force from and after its passage,

Approved April 9, 1891,

STATE OF MAINE.
Cnarrrr 181,
An Act relating to the survey of the coast of Maine.

Be it enacted by the Senate and House of Representatives in Legislature assombled, as
Jollows:

SECTION 1. Any porson employed under and by virtue of an act of the congress of
the United States, pussed the tenth day of IYebruary, one thousand eight hundred
and seven, and the supplements thereto, may enter upon lunds within this state for
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the purpose of exploring, surveying, trinngulating, leveling and doing any other
act which may bo necessary to effect the objects of said act, and may crect any works,
stations, buildings or appendages, requisite for that purpose, doing no unnecessary
injury thercby. ,

SEcr. 2. If the parties intercsted cannot agree upon the amount to bo paid for
the damages caused by doing any of the acts aforosaid, either of them may petition
the commissioners of the county in which the land entered upon is situated, to hear
the parties and assess any damagos, which in the opinion of the commissioners has
accrued to the owner or possessor of the land so entered upon. ) ‘

SEcT. 3. Tho commissioners as soon as may be, ghall hear the parties cither with
or withont & view of the premises, ns tho comimissioners shall deternine, and before
any hearing shall bo had, shall order notice to be given to all persons interested, at
least fourteen days before the time of hearing.

Suct. 4. Tho commissioners shall file in tho office of the clerk of the district court
for said county, a report of theso doings, whieh report shall bo conclusive upon the
partics unless one of them shall file within thirty days after the termn of said court,
which shall bo held next after said report shall e filed, a petition to the sx_iid court
that a trial shall bo had in the case in said court, and after notice to the opposite
yarty o trial shall be had in said court in tho same manner in which other eivil
cases ave thero tried.

SEct, 5. The person so entering upon land as aforesaid, may tender to the party
injured suflicient amends therefor, and if the damages finally assessed shall not
exceod the amount so tendered, thé person 8o entering shall recover his costs, and in
all otler cases the prevailing party shall recover his costs.

Sicer. 6. In tho taxation and allowance of costs in tho district court upon a trial
of the caso, the proceedings of thio said court shall hold the same relation to the
report of tho commissioners, as proceedings of the same court hold to judgmonts of
justices of tho peace, in cases of appoal from said judgmonts, and tho coste shall be
taxed accordingly.

8kct. 7. 1f any person shall willully injuve, doface, or removo any signal, monu-
ment, building, or any appendage thereto, used and constructed under and by vir-
tue of tho act of congress aforesaid, ho shall forfeit 1 sum not excoeding fifty dollars
for such offense, to bo recovered by indictment for the use of the person prosecuting,
and shall also bo linble for all dumages sustained by the United States of America,
to be recovered in an nction on the caso in any court of competent jurisdiotion:

Stcr. 8. This act shall take offect from and after its approval by the Governor.
Approved Juno 16, 1846.

AMENDMENT.
CHAPTER 125.
Ap Act to amoend tho second ohapter of the rovisod statutos, relating to tho cuast survey.

p lll?o it enacted by the Senate and House of Represontatives, in Legislature assembled, a8
otiows:

SkcrioN 1. Thesecond chapter of the rovised statntes is hereby amended by striking
out the sighth section thereof, and inserting instead the following, viz:

) 8rct. 8. The person 8o ontering upon land, may tender to tho party injured suffi-
ciont amends therefor, and if the damages finally assessoed do not excecd tho tender,
Judgment shall be rendered against the owner for costs. The costs recovered by the
Prevailing party shall be taxed as in caso of appoal from the judgument of & justice
of the poence.

8rcT. 2. This act shall take offect when approved by the governor.

Approved January 27, 1860.,
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MARYLAND.
An Aot concorning the Survey of the Coast of Maryland.

SECTION 1. Beit enacted by the General dssembly of Maryland, That it shall and may
bé lawful for any person or persons employed under and by virtue of an act of the
Congress of the United States, passod the tenth of Fobruary in the year eighteen
bundred and seven, and of the supplement thereto, at any time hereafter to enter
upon lands within this State for the purpose af cxploring, surveying, triangulating
or levelling or doing any other matter or thing which may bo necessary to affect the
objects of said act, and to erect any works, stations, buildings or appendages requi-
site for that purpose, dving ne unnecossary injury to private or other property.

SEC. 2. And bc it enacted, That in case the person or persons employed under the
act of congress aforesaid, cannot agree with tho owners or posscssors of the land so
entered npon and used 28 to the amount of damago done thereto by reason of the re-
moval of fences, cutting of troes orinjury to the crop or crops growing on the same,
it shall and may be lawful for the said parties or oither of them to apply to tho chief
justice for tho time being or ono of tho associnte judges of tho judicial districtin
which such land may bo situated, who shall thercupon appoint three disinterested
and judicious frecholders, residents of tho samo judicial district, to proceed with as
much despatch as possible to the examination of the matter in question, and the
faithful assessment of the damapges sustained by tho owners or possessors aforesaid,
and the said freeholders or a wajority of them, having first taken and subscribed an
osth or affirmation before the chief or associate justice aforesaid or other pergon daly
authorized to administer the samo, that they will well and truly examine and nssess
as aforesaid, and hoving given five daya notice to both parties of the timo of their
meeting, shall proceed to the spot, and then and there upon their own view aud if
required upon the evidenco of witnesses, (to bo by them sworn or affirmed and exam-
ined) shall nasess the said damages, and shall afterwards make report thereof and
of their proceedings in writing under their hands and seals and file the samo within
five days thercafter in the office of the clerk of the county in which the land afore-
snid is situnted, subject Lo an appeal by either party to the county court of the said
county within ten days after filing as aforesaid, and the said report so rande as afore-
said, if no appeal as aforesaid be taken, shall be held to be final and conclusivo as
between the said parties, and the amount so assessed and reported sball be paid to
the said owners or possessors of the land so damaged within twenty days after the
filing of said report, and the said chiof or associnte justice as aforesnid, shall have
authority to tax and allow upon the filing of said report, such costs, fees and expensos
to the said frecholders for the performance of their duty as he shall think equitable
and just, which allowance shall be paid by tho peraon or persuns employed under
tho act of congress aforesaid, within the time last above limited, but if an appeal as
aforesaid be taken, the case shall be set down for hearing at the first term of connty
court aforesaid, ensuing upon and after gaid appeal, and it shall be lawful for either
party immediately after the entry of such appeal, to tako ont summons for such wit-
nesses as may bo necessary to be examined upon the hearing aforesaid, and the said
court shall have power in its diseretion to nward costs ngainst which over the final
judgment shall bo entered, and such appeal at tho option of either party may and
shall be heard beforo and tho damages assessed by a jury of twelve men to be taken
from the regniar pannel and elected as in other cases.

SEC. 3. And be it enacted, That if any person or persons shall wilfully injure or
deface or remove any signal, monument or building or any appendago thereto, erected,
used or constructed under and by virtue of the act of congross aforesaid, such per-
son or persons 8o offending shall severally forfeit and pay the sum of fifty dollars,
with costs of suit to be sued for and recovered by any person who shall tirst pros-
ecute the same before any justice of the peace of tle county where the person so
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:ﬂ'euqing' may reside, and shall also be liable to pay the amount of damages thereby
W8tained, to be recovered with costs of suit in an aotion on the case, in the name

g?dt‘for the use of the United States of America in any court of competent juris-
ction, :

Passed March 9, 1842.

COMMONWEALTH OF MASSACHUSETTS.

CHAPTER 192,
An Act rolating to the Survey of the Coast of Massachusetts.

a-nge it enacted by the Senate and House of Representatives, in General Court assembdled,
by the authority of the same, as follows :
nilzc(-;' 1. Any person émployed under and by virtue of an act of the Congress of the

Beve: States, passed the tenth day of February, in the year eighteen hundred and

pur (; and the supplement thereto, may enter upon lands within this State, for the .

Whiléhse of exploring, surveying, trinugulating, levelling, or doing any other act

statio Tuay I‘)e Decessary to effeet the objects of said act, and'may erect any works,

; injur 8, buildings or appendages, requisite for that purpose, doing no unnecessary

¥ thereby, }
m::'l‘- 2. If the purties interested cannot agree upon the amount to be paid for the
o coges (.39-1'180(1 by doing any of tbe acts aforesaid, either of them may petition

o ml!usmoners of the county in which the land entered upon is situated, to hear

crstl(rltles and assess any dumages which, in the opinion of the commissioners, has

Svc: to 't}m owner or possessor of the land so entered upon. ) )

or ‘\:it}; 3. lhe‘ commissioners, a8 soon &s may be, shall hear the parties either with

any by Ol'lt 8 view of the premises, as the commissioners shall determine, and before

v f:l‘lng shall e had, shall order notice to be given to all persons interested, at
Eor u:teen days before the time of hearing.

11101; ].. . The c?mmissioxxors shall file in the office of the clerk of the court of com-

“DonI;}:M for .smd county, a report of their doing‘s, which report shall be conclusive

saiq cme pu-rh.es, unless one of them shall file, within thirty days after the term of

suig co“’t: which shall be held next after said report shall be filed, a peti?ion to the

°Ppositurt’ that o t'rinl be had in the case in said court; and n.fter.notlc‘e to the

eivil cne party, a trial shall he had in said court, in the same manner in which other
Se 8es ﬂf‘o there tried. )

in Jun:l' 5. 'Ih.o peraon so entering upon land as aforesaid, may tender to the party

eXceeq ,t ;uf’ﬂcmnt amends therefor, and if the damages finally ussested shall not

in g1 Othe amount so tendured, the person so entering shall recover his costs; and,
Srop Gel‘lcnses, the p.revniling party shall recover his costs.

& trig) ;)f'tl o t~he taxation and allowance of costs in the court of common pleas,‘ upon
@ Toport 1@ Case, the proceedings of the said court shall hold the same relation to
justiog of the commissioners, as proceedings of the same court hold to judgments

o taxeq :cl::t(;r?'e pleuce, in cases of appeal from said judgments, and the costs shall
ingly,

mf:tm]‘;:-.l ll‘f any person shall wilfully injure, deface or remove any signal, monu-

Virtu’e oflt(hmg’ or any nppendage thereto erected, used or constructed under and by

Cach offe, ¢ uct of Congress atoresaid, ho shall forfeit the sum of fifty dollars for

ang Shu.ll’cle’ to bt.s recovered by indictment, to the use of the person prosecuting;

o recou ?0 b? liable for all damages sustained by the United States o.fAmerwn,
Stcr, g V"i‘li:!‘d n an action on the case, in any court of competent jurisdiotion.
+ O 18 act shall take effoct from and after its passage.

A
PProved Ly the Governor, March 25, 1845,

ac
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MINNESOTA.

Cruarrer 60.
[S. F. No. 219.]
An Act to provide for surveys anthorized by Congreas of the TUnitod States in the State of Minnesota.

Be it enacted by the Legislature of the State of Minnesota:

SecrioN 1. Any person cmployed in thoe execution of any survey autborized by
the congress of the United Stutes may onter upon lands within this state for the
purposo of exploring, triangulating, leveling, surveying, and of doing any work
which may Le necessary to carry out the oljects of then existing laws rolative to
surveys, and may ostablish permanent station yuarks, and erect the necessary signals
and temporary observatories, doing no unnecessary injury thereby.

Siic. 2, If the parties intorested cannot agreo upon the amount to be paid for
damages caused thereby, either of them may petition the district court in the county
in which the lund is situnted, which court shall appoint a time for o hearing as soon
as may be, and order at least twenty (20) days’ notice to be given to all parties inter-
ested, and, with or without a view of the premises, as the court may determine,
hear the parties and their witnesses and assess damages,

Skc. 3. The person so entering upon land may tender to the injured party dam-
ages therefor, and if, in case of petition or complaint to the court, the damages
finally assessed do not exceed tho amount tendered, the person entering shall recover
costs; otherwise, the prevailing party shall recover costs,

SEc. 4. The costs to be allowed in all such cases shall be the same as allowed
according to the rules of the court, and provisions of law relating thereto,

Skc. 5. If any person shall wilfully deface, injure or remove any signal, monn-
ment, building or other property of the U. 8. coast und geodetic survey, constructed
or used under or by virtue of the act of congress aforesuid, ho shall forfeit o sum
not exceceding fifty (50) dollars for each oftense, and shall be liable for dumages sus-
tained by the.United States in consequence of such defaciug, injury or removal, to
be recovered in o civil action in any court of competent jurisdiction,

Skc. 6. This act shall take effect from and after its passage.

Approved April 2, 1889,

MISSOURI
GRODETIC SURVEY.

An Act to provide for the protection of citizens of the Stato of Missouri, tho interests of the United
States, and porsons engaged in the trjungulation of the Stute of Missourl, under an not of Congreas
to form o geodetic conuection hetween tho Atlantic and Pacific Coasts.

Be it enacted by the General Assembly of the State of Missouri, as follows :

SEcTiOoN 1. Persons employed under an Act of Congress of the United States,
passed the tenth day of IFebruary, 1807, and the supplement thereto, may, upon muk-
ing satisfactory amends, enter npon lunds within this State for any purpose which
may be necessary to offect the object of said act, and may erect works, stations,
buildings or appendages for that purpose, doing no uunecessary injury.

S8ECTION 2. If the partics interested canuot agreo upon the amount to be paid for
damages cunsed thereby, either of them may petition the County Court in the county
in which the land is situated, which court shall appointa time for & hearing as sooB
a8 may be, and order at lenst fourteon days’ notice to be given to all persons inter-
ested, and, with or without a view of the premises, as the Court may determine, hear
the parties and their witnesses and assess damages.
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SEcTION 3. The person so cntering upon land may tender to the party injured
amends therefor, and if, in caso .of' appeal to the county court, the damages finally
assessed do not exceed the amount tendered, the person entering shall recover costs;
otherwise the prevailing party shall recover costs.

8rcrioN 4. The costs to be allowed in all such cascs shall bo the snne as allowed
according to the rules by the circuit court. '

SECTION 5. Whosoever wilfully injures, defaces or removes any signal, monu-
ment, building or appendago thereto, erected, used or constructed under said acts
of Congress, shall forféit a sum not exceeding fifty dollars for each such offence, and
shall be liable for damages sustained by the United States in consequence of such
injuring, defacing or removing, to Le recovered in an action before the circuit court
of the county in which such offense is committed.

SecTION 6. Any party to the proceeding under the provisions of this act, who
ay feel aggrieved by the decision of any county court, may take an appeal to tho
cirenit court, in the same term, in the same manner, and with like effect, as in other
Proceedings in the county courts of this State; Provided, that no appeal herein pro-
vided for shall provent the continuation of the work referred to in this act.

SkctioN 7. This act to take effect and be in force from and after its pussage.

Approved March 9, 1872,

STATEB OF NBW HAMPSHIRE.
CHAPTER 337.
An Act relating to the survey of the coastsof Now Hampshire.

8ECTION 1. Bo it enaoted by the Senate and House of Representatives in General Court
Convened, 'I'hat nny person employed under nud by virtue of an act of the congress
of the United States, passed the 10th day of Fcbruary, one thousand oight hundred
and geven, and the suppletuents thereto, may enter npon lands within this state for
the purpose of exploring, surveying, triangulating, levelling, or deing any other
act which may be necessary to effect the objocts of said acts, and may erect any
Works, buildings, stations or appendages requisite for that purpose, doing no unnec-
ts8ary damage thereby. '

8re, 2. If the parties interested cannot agree upon the amount to bo paid for the
d”’mﬂ-ges caused by doing any of tho nots aforesaid, either of them may petition the
$0urt of common pleas for the county in which the land entered upon is situated,
OT an assessment of ssid danages, who shall refer the same to the road comuis-
Stoners for yuch county, who shall hear the parties and make report, as in the case of
fissessing damnges for land taken for highways, upon which the court shall render
i“dgment as in other cases: Provided, that either of the parties dissatistied with the

Mount of damages so nsscssed may appenl to tho court of common pleas next to be

dzl'den in snid county and not afterwards, and thereupon said court shall assess the

Wages of such party by a jury.
injslfc' 3. '1‘?1(? person go ontering upon land as aforesaid may tender to the.party
Bx'(- red sufficiont amends therefor; and if the damages finally assessed shall not
in ‘eed the amount so tendered, the person so entering shall recover his costs, and

all cuses the party prevailing shall recover his costs.
me:tc. 4. .If.n.uy person shall wilfully deface, injure or remove any signals, monu-
o ths, buildings, or ahy appeudage theroto, used or construoted under and by virtuo
o ene acts of congress aforesaid, ho shall forfeit the sum of fifty dollars for ench
alag ﬁe: '(.50 bs recovered by indictmont to tho use o.f the party prosecuting, and shall
ereq iO liable for all damages sustained by the United States of America, to bo recov-

1 an action on the case in any court of competent jurisdiction.
BC. 5. This act shall take effect from and after its passage.

APproved, June 30, 1846.
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CuarTeERr XXIX.
An Act in co-oporation with the United States Coast Survey, in the triangulation of the State.

Be it enacted by the Senate and House of Representatives in General Court convened:

SecTioN 1. The acting assistant, in charge of the triangulation now being carried
on in this state by the United States coast survey, is heroby authorized to set such
signals as may be necessary to render this survey complete, and of the greatest serv-
ice and benefit for future use in the construction of a mayp of the state, at an expense
not exceeding twenty dollars in any town or city of the state, and to draw upon the
state treasurer for the sums 8o expendod.

Sect. 2, Tho state treasurer is hereby directed to pay out of any mouey in the
treasury such expenses as may be incurred in carrying out the object named in
the preceding section, the bills for the same having been proviously approved by
the governor.

Skcr. 3. This act shall take effect on its passage.

Approved July 3, 1872.

NEW JERSEY.

ACTS8 OF THFE SIXTY-PIFTII GENERAL ASSEMBLY OF THE STATE OF NEW JERSEY,
An Act concerning the survey of the coast of Now Jersey.

Sectiox 1. Be it enacted by the Council and Gencral Assembly of this State, and it is
hereby cnacted by the authority of the same, That it shall and may be lawful for any
person or persons, employed under and by virtue of the act of the Congress of the
United States euntitled, *“An act to provide for surveying the coasts of the United
States,” passed the tenth day of Febraary, in the yoar of our Lord eighteen hundred
and seven, at any time. hereafter to enter upon any lands within this state, for the
purpose of exploring, surveying, or levelling, or doing auny other matter or thing
which may bo necessary to effect the objects of the said act, and to erect any works,
stations, buildings, and appendages necessary for that purpose, doing no unneces-
sary injury to private or other property.

S8EcTION 2. And be it enacted, That in case the person or persons so employed under
the said act cannot agree with the owners or possessors of the said land so entered
upon, for the use of the same, or upon the amount of the damage done thereto, it
shall and may be lawful for the person or persons so employed, or the owners or
possessors of the said lands, 10 apply to one of the justices of the supreme court of
this state, who shall thereupon appoint three disinterested and judicious freelbolders
resident in the county wherein the said lands do lie, which said frecholders, having
first severally taken and subscribed an oath or afirmation, before some person duly
authorized to administer the same, faithfully to examine the mattor in quostion, and
assess the dumages sustained by the owners or posscssors of the lands so occupied,
by reason of such occupation thereof, according to the best of their skill and under-
standing; and the said freeholders, or a wajority of them, having given to the
owners or possessors of the«said lands, and to the person or persous 8o employed,
five days’ notice of the time and place of meeting, shall proceed upou the testimony
of witnesses, to be by them sworn or affirmed and exawmined, or upon their own view, .
or both, to assess the said damages; aund shall make report thereof in writing, under
their hands and seals, and filo the samo within five duys thereafter in the office of
the clerk of the county in which the said lands do lie; which report, as between
the said parties, shall Do finnl and conclusive, and the amount so assessed and
reported be paid to the said owners or possessors of the asid lands within ten days
after the filing of the said report; and upon default of such payment, any person or
persons so entering upon the said lands shall forfeit all his or their right of entry
given by this Act, and shall be taken and considered as guilty of trespass, in like
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manner as if this act’had not been passed; and the said justice of the said supreme
court shall, on application of either party, tax and allow such costs, fecs, and
expenses, to any person or persons performing any of the duties prescribed in this
act, as he shall think equitable and just, which shall be paid by the person or per-
sons employed under the said act, within the time above limited.

SECTION 3. And be it enacted, That, if any person or persons shall wilfully injure,
deface, or remove any signal, station, monuwent, or building, or any appendage
thereto erected, used, or constructed under the said act of the Congress of the United
States, or under this act, such person or persons so offending slinll severally forfeit
and pay the sum of one hundred dollars, with costs of suit, to be sued for and rocov-
ered by any person who shall tirst sne for the same in any court having cognizance
thereof; one half thercof for the use of the said prosecutor, and the other half
thereof to be paid to the overseers of the poor of the township in which the offence
was committed, for the use of the poor of said township, and shall be also liable to
pay the amount of dumages thereby sustained, to be recovered, with costs of suit,
in an action on the case, in the name and for the use of the United States of America,
in any court of competent j urigdiction. )

SrcTION 4. And be it enacted, That this act shall go into effect immediately after
the pussage thereof.

Pagsed March 11, 1841,

OHIO.
An Act relating to surveys authorized by the congress of the United States, in the state of Ohio.

BrCTION 1. Be it enaoted by the General Assambly of the State of Ohio, That any person
employed in the oxecution of auy survey authorized by the congress of the United
St‘ltes, may enter upon lands within this state for the purpose of exploring, trian-
gulating, leveling, surveying, and of doing any work which way be necessary to
carry out the objects of existing laws, and may establish permanent stations, marks,
and erect the necessary signals and temporary observatories, doing no unnecessary
Injury thereby.

8Ec, 2. If the parties interested cannot agree upon the amount to be paid for dam-
agos caused thereby, either of them may petition the probute court in the county in
Wwhich the land is situated, which court shall appoint a time for a hearing as soon as
may Yo, and order ot least fourteen days’ notice to be given to all parties interested,
and with or without & view of the premises, as the court may determine, hear the
Darties and their witnesses, and assess dumuges.

8EC. 8, The person so entering upon land may tender to the injured parties dam-
4ges therofor, and if, in case of appeal to the probate court, the damages finally
88sessed do not excoed the amount tendered, the persons entering shall recover costs;
Otherwise the prevailing party shall recover costs.

8EC. 4, Tho costs to bo allowed in all such cases shall be the sawe as allowed
fccording to the rules of the court.

Snc. 5. 1f any person shall wilfully deface, injure, or remove any signal, monument,

Uilding, or other property of the United Stutes coast survey constructed or nsed
Under or by virtue of the acts of congress aforesaid, he shall forfeit a sum not exceod-
lng_ﬁfty dollars for each offense, and shall be liable for damages sustained by the

Rited States in consequence of such defacing, injury, or removal, to be recovered

81 action in the case in any court of compotent jurisdiotion.

EC. 6. This act shall take effect from and after its passage.
JaMmes E. NEal,
Speakor of the House of Representatives.
JaMEs W. OWENS,

President pro tem. of the Seaats.
Pussed April 14, 1879.
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OREGON.
An Act relating to Surveys Authorized by the Congress of the United States in the State of Oregon.

Be il cnacted by the Legislative Assembly of the State of Uregon :

SrcrioN 1. Any person employed in the execution of any survey authorized by the
congress of tho Unitod States may enter upon lands within this State for tho purpose
of exploring, triangulating, leveling, surveying, and of doing any work which may
bo necessary to carry out the objects of existing laws, and may establish permanent
station marks and erect the necessary signals and temporary observatories, doing no
unnecessary injury thereby, having first paid or tendered to the owner thereof the
compensation or dumages hereinafter prescribed.

SkcrioN 2. If the parties interested cannot agree npon thoe amount to be paid for
damages caused thereby, cither of them may petition tho county court in the county
in which the land is situated, which court shall appoint a time for a hearing as soon
as may be, and order at least fourteen days’ notice to Le given to all parties interested
and, with or without a view of the premises, as the court may determine, hear the’
parties and their witnesses and assess damages.

8rctioN 3. The person so entering upon land may tender to the injured party dam-
ages therefor, and if in case of appeal to the county court the dumages finally assessed
do not exceed the amount tendered, the person entering shall recover costs; other-
wise thie prevailing party shall recover costs.

SEcCTION 4. The costs to be allowed in all such cases shall be the same as allowed
gccording to the rules of the court.

SecTioN 5. If any person shall wilfully deface, injure or remove any signal monu-
ment, building or other property of the U. S. coast survey, constructed or used under
or by virtue of the Acts of congress aforesaid, ho shall forfeit a st not exceeding
fifty dollars for each offense, and shall be linble for damages sustained Ly the United
States in consequence of such defacing, injury or removal, to be recovered in an action
on the case in any court of competent jurisdiction.

8rcTioN 6. Inasmueh as there is no law on this subject, this Act shall be in force
from and after its approval by the Governor.

Approved Foebruary 25, 1889,

SOUTH CAROLINA.

An Act relating to the Survey of the Coast of Bouth Carolina under the authority of the United
States. No. 3021.

I, Be it enacted, by the. Senate and House of Representutives, now met and sitting in
General Assembly, and by the authority of the same, That any porson employed under
and by virtuo of an Act of the Congress of the United States, passed tho tenth day
of February, in the year of our Lord ono thousand eight hundred and seven, and the
supplements thereto, may enter upon lands within this State, for the purpose of
exploring, surveying, triangulation, leveling, or doing any other act which may be
necessary to effect the obﬁect of the said Act of Cougress, doing no unnecessary injury
thereby, so that the dwelling house, yard, garden, gravoyard, or ornamental trees,
of any person be not invaded without his consent: 4nd provided, that bofore snch
entry. the person so employed as aforesuid, shall enter into bond, with sufficient
security, in such sum as may be agreed upon by and between the said persons so
employed us aforesaid, and the owner of tho said lands, conditioned to pay whatever
damages may be doue after such entry ; and in case of disagreoment of the parties as
to the amount of the penalty of the hond, the samme may be determined by any Judge
of the Court of Common Pleas of this State in chambers or open court, upon applica-
tion to him, after ten days’ notice to thie opposite party, which application may be
supported or answered by atidavit.
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II. If the parties intercsted cannot agree upon tho amonnt to be paid for the dam-
8ges coused by doing any of the acts aforesaid, cither of them may petition the Court
of Common Pleas for thoe distrietin which thedamagoe has been dono for the appoint-
Nent of five commissioners, & majority of whom shall value and tix tho awount of
t%‘e said damago, either upon view or upon compeotent testimony, as the said commis-
8loners may deem hest,  And the said commissioners, before they act, shull severally
tuke an oath Leforesome magistrato, faithfully and impartislly to discharge the duty
assigned them, and shall return their proceedings, with a full description of the dam-
4go done, under the hands and seal of a majority of them, to the Court from which
the connnission issued, there to remain of record.

IIL. In caso cither party shall appeal from the valuation of tho damage so fixed by

© 8aid commissioners, or o majority of them, to the Court at its next sitting there- .
ter, and give fiftecn days’ notice to the oppoesite party, of such appeal, the Court
Sball order n new valuation to bo mado by u jury, who shall Lo charged therewith in

16 8ame torm or as soon as practicable, and their verdict shall be final and conclu-
81ve botween the parties, unless n new trial shall be granted.
V.1t any person shall wilfully and maliciously destroy, or in any manner hurt,
Amago, or obstruct, or shall wilfully nnd maliciously cause, or aid, or assist, or coun-
8¢l or advise any other person or porsons to destroy or in any manuer to hurt, dam-
8¢, injure or obstruct any signal, mouument, building, or auy appendage thereto,

Used or constructod under and by virtne of tho Act of Congress aforesaid, he shall
¢ linble to Le indictod ‘therefor, and on conviction shall be imprisoned not more than

°‘n° Touth, or pay a fine not excooding fifty dollars, or both, at the discretion of the
ourt Liefore which such conviction shall take place, nnd shall be further liable to

E:y 811 expenses of repairing the same, and it shall not ho competont for any person

OWoﬁending, to defend himself, by pleading or giviug in evidence that he was the

or Rer, or agent, or servant of the owner of the laud whero suclh damage was done

Caused at tho time the snwe was eaused or dono,

o In the Senato House, the seventeenth day of Decomber, in the year of our Lard
o thousand, oight hundred and forty-eight,' and in the seventy-socond yonr of the
Y¥ereignty and Independence of the United States of America.

R. . W, ALL&TON,
President of the Senato pro. tem.
W. F. CowLcock,
Speaker of the House of Representatives.

TENNESSEE.
Cuarrir XXIV,

An Agt rolating to the United States Const Survey in the Stato of Tonnessce.

Deﬁ:OC:ION 1. Beit cnacted by the chlci'aY Assembly of the State of ]‘cnncsa('f, That any
Rus0q :ll]nployed under and by virtue of an Act .of Congress of the United St{ttes,

ﬂllpp o 6 tentl day of I'ebruary, m.)c th.ousuud eight hundred and seven :}ud of the
tiog e:lmts thereto, or }mder tho.du-cct.lon of Congroess .to form a Geo'dotw conneo-
State s Ween the Atlantic and Pacific consts, and to furnish trinngulation points for
fng tr,"r"e.\'s; may eoter upon such lands within this State for the pnrpose of explot-
nec;ss ‘angulating, leveling, surveying and of doing any other act which may be
4ry to carry ont. tho objocts of said laws, and may ereet any works, stations,

vilgj k .
H’ulngs und appendages requisite for that puarposs, doing no unuccessary injury
hy.

—

1 Sevon.
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8kc. 2. De it further enacted, That if the person or persons, over whose lands the
survey has been made, or upon whose lands monuments, stations or buildiugs have
been erected, or who has in any way sustained damage by such survey, cannot agree
with the officer of the Coast Survey as to the damage sustained, the amounnt of such
damage may be ascertained in the mauner provided by Chapter 11, of Title 8, Code
of Tennessee, providing for taking private property for public uses.

SEc. 8. DBe it further enacted, That if any person shall wilfully deface, injure or
remove any signals, monuments, buildings or other property of the United States
Coast Survey, constructed or used under or by virtue of the Acts of Congress afore-
said, he shall forfeit a sum not exceeding fifty dollars for each offense, and shall be
liable for dumages sustained by the United States in consequence of each defacing,
injury or removal, in an action on the case in any Court of competent jurisdiction.

SEC. 4. Be it further enacted, That this Act shall take effect from and after its pas-
sago, the public welfare requiring it.

Passed March 17, 1877.

Huex M. McApoo,
Speaker of the Senate.
EpwiN T. TALIAFERRO,
Speaker of the House of Representatives.

Approved March 21, 1877,
JaMEs D, PORTER, Governor.

VERMONT.

No. 251. An Act relating to the Survey of Lake Champlain, and to the operations connected there-
with, in the State of Vermont.

It is hereby enacted by the General Assembly of the State of Vermont:

Sec. 1. Any person employed under and by virtue of an act of the Congress of the
United States, passed ‘the tenth day of FFebruary, one thousand eight hundred and
seven, and the supplements thereto, may enter upon lands within this state for the
purpose of exploring, surveying, triangulating, levelling, and doing any other act
which may be necessary to effect the object of said act, or of the act of Congress
passed the fifteenth day of July, one thousand eight hundred and seventy, and may
ercct any works, stations, buildings, and appendages requisite for that purpose,
doing no unnecessary injury thereby.

8Ec. 2. If the parties interested cannot agree upon the amount to be paid for the
damages caused by doing any of the acts aforesaid, either of them may petition #
judge of the county court of the county where such land is situated for the appoint~
ment of commissioners to appraise such damages; and such judge shall give reason-
able notice to the parties interested of the time when and place where he will heaf
the parties in such petition; and such judge may appoint three judicions and dis-
iuterested persons commissioners to ascertain the damages to such land-owner:
And such commissioners shall notify the parties interested, and shall proceed t¢
ascertain and appraise the damages to the land-owner, and shall muke a mpol‘t
thercof to the county court then next to be held in the same county; and said court
may, for sufficient reasons, accept or reject said report, in whole or in part, and may
render judgment in favor of the person intercsted in the land for such damages 8°
it shall sppear he has sustained, and may tax costs as said conrt shall judge jué
and equitable, and shall issue execntion therefor,

SgrcC. 3. The person so entering upon the land and doing any of the acts aforesaidr
may tender to the parties injured sufficient amends therefor, and if the damag®®
finally assessed shall not excoed the amount so tendered, the person so entering sha!
recover his costs, '
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81c. 4. If uny person shall wilfully defuce, injure, or romove any signals, monu-
ments, buildings, or any appendage thereto, used and constructed under and by
Vvirtuo of tho acts of Congress aforesaid, ho shall forfeit a sum not excoeding fifty
dollars for each offense, to Lo recovered by indictment for tho nse of the party
Progecuting, and shall also be liable for all damages sustained by the United States
of America, to o recovered in an nction on the case in any court of competent
Jurisdiction. '

Sec. 5. This act shall take etfect from and after its approval by the governor.

Approved November 8, 1870.

VIRGINIA.
Laws oF VIRGINIA PASSED IN 1843-4—PaAck 65. Cuarrrr 85,

$ 1 of Title I, Chap. 2. refers to “Places purchased by the United States for forts
and other bLuildings.” :

§ 2. Any person employed under the act of congress providing for a survey of the
Goasts of the Unifed States approved the tenth of February, eighteen hundred and
8even, or under any act supplemental theroto, may, for the purpose of exploring,
Surveying, trianguluting or leveling, to effoct the objects of the first mentioned act,
éater upon any lands within this state, remove the fences, cut down trees, or do any.
Other matter or thing necessary to eftect those objects. :

$ 8. The damages sustained by removal of the fences, cutting of trees, injury to the
Crops, or otherwise, if the same be not agreed upon, shall be ascertained either on

¢ application of tho person so employed, or of the owner or possessor of the lund,
38 follows, that is to say: notice shall be given by one of them to the other for ten
days that at a certain time and place he will apply to o justice to appoint persons
to assess the damages. Upon its being shewn to the justice af such time and place
that such notice has been given, the justice shall appoint three intelligent, disinter-
®ted and impartial freeholders to makoe such assessment. They shall be duly sworn,
8nd after giving five days’ notice of the time of their meeting, both to the applicant
“'fld the other party, shall go upon the premises, and then and there, upon their own
View and tho evidenco of such witnesscs ns may be adduced, to be by thom sworn
8nd examined, shall assess the damages.

§ 4. They shall make o roport of their proceedings, under their lauds, and file

¢ 8ame within five days thereafter in the office of the clerk of the court of the
co“nty wherein tho land is situated.

$ 5. Within ton days after the same Dbe filed, either party may file with the clerk a
Written notice stating that ho appeals from the assessment to tho county court.

§8. If no such notice Lo filed, the county court shall at the first term thereafter
onfirm tl0 roport, make & reasonable allowance to the frecholdors for their services,
804 order paymeont to be mado of the amount se assessed, of such allowance, of the
Ofcory fees and of what the witnesses may be entitled to for their attendance.

§7. If such notice be filed, either party may thereupon take out subpoenas for
:" tneﬁBOS; and at the first term at which the same can conveniontly be done, the

480 shall bo heard. If either party desire it, a jury may be impanelled to assess
® damages; but if this bo not asked, tho court shall itself hear tho witnesses and
nl_uke 8uch assessinent ns may seem to it proper. And the court shall give such
ections in regard to the costs as it may deem right.
or b&' If any porson shall wilfully injure, deface or remove any signal, monument
tilding or any appendago thereof, erected, used or constructed under the nct of
Congrogy aforesaid, such person shall forfeit fifty dollars to any person who shall

898 for the sume, and shall also be liable to the United States for the damages thereby
Sustaineq,

Code of Virginia, published in 1849, pp. 60, 61,
8. Ex, 19, pt. 2—2
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WEST VIRGINIA.
Cuarter LXXXIV,
An Act concerning the United States Coast and Geodetic Survey in this State.

Be it cnacted by the Legislature of West Virginia :

1. That it shall and may bo lawful for any person or persons employed under and
DLy virtue of an act of the Congress of the United States, passcd February the tenth,
une thousand eight hundred and seven, and all acts supplemental thereto, at any
time hereafter to enter upon lands within this state for the purposo of exploring,
surveying, trinngulating or leveling, or deing any other matter or thing which may
be necessary to effect tho objects of said act; and to erect any works, stations,
buildings or appendages requisite for that purpose, doing no unnecessary injury to
private or other proporty.

2. That in case the person or persous cruployed under thoe act of Congress aforesaid,
or acts supplemental thereto, cannot agree with the owners or possessors of the
land so entered upon and used, as to the amount of damages done thereto by reason
of the removal of fences, cutting of trees, or injury to the crop or crops growing on
the same, it shall and may e lawful for the said parties, or cither of them, to apply
* to the circuit court of the county to have the same condemned, and such application
shall be proceeded in, tried and determined, in all respects, as provided in chapter
forty two of the code of West Virginia.

3. Thatif any person or persons shall wilfully injure or deface vr remove any sig-
nal, monument, or building, or any appendago thereto, orected, used or constructed
under and by virtuo of the act of' congress aforesaid, or any act or actssupplemental
tlhereto, such persons so offending shall severally forfeit and pay thoe sum of fifty
dollars with the costs of suit, to be sued for and recovered by any person who shall
first prosecuto the same hefore any justice of the peaco of the county where the per-
son 8o offending may reside, and shall also he liable to pay the amount of damages
thereby sustained, to be recovered with costs of suif in an action.on the case, in the
name and for the use of the United States of America, in any court of competent
jurisdiction.

Passed March 14, 1881,

Approved March 16, 1881.

[ Note by the Clerk of the Houss of Delegates.]

The foregoing act takes effect from its passage, two-thirds of the members clected
to cach House, by a vote taken by yous and nays, having so directed.



APPENDIX No. 2—1893.

ON THE RESULTING HEIGHTS FROM GEODETIC LEVELING ALONG THE
TRANSCONTINENTAL LINE OF LEVELS BETWELEN ST. LOUIS AND JEF-
FERSON CITY, MO., EXECUTED IN THE YEARS 1882 AND 1838, BY ANDREW
BRAID AND GERSHOM BRADFORD, ASSISTANTS, AND ISAAC WINSTON,
SUBASSISTANT.

Discussion and report by CuarLis A. ScHOTT, Assistant and Chief of the Comput-
ing Division.
Submitted for publication August 29, 1893,

The report which 1 have the honor to submit herewith gives the
resulting heights from geodetic leveling along the transcontinental
line of levels between St. Louis and Jefferson City, Mo., executed in
the years 1882 and 1888 by Assistants Andrew Braid and Gershom
Bradford.

In Appendix No. 11, Report for 1880, Assistant Braid explains the
Inethod of leveling then in use, viz: Two parallel lines were run simul-
taneously and in the same direction, one using (say) Staff K, the
Other Statt 17, the rods being placed at slightly different distances
from the intrument; alternate parts of the double line were run in oppo-.
Bite directions. On level ground or where the slope did not interfere,
the average distance between the staves was 220 metres, the instru-
nent being as near as may be nmdway between them. This method
Was afterwards found unsatisfactory and was superseded in 1885 and
1886 by the better one of running two independent lines, one forward,
the other backward. The latter method was employed in 1888 by
Assistant Bradford, who usually took the forward and Subassistant
Winston the backward measures.

Route of levels.—The line starts from the Coast and Gieodetic Survey
bench mark J 3, as marked by a bronze plate on the western land pier of
the Great Bridge across the Mississippi at St. Louis, and identical in
level with bench mark K, kuown as the St. Louis Directrix, which is
used by city surveyors and Umted States engineers. (For deseription
8¢e Appendix No. 11, C. and G. Survey Report for 1882, p. 556.) The
line of 1882 follows the Missour: Pacific Railroad track to New Haven
and a few miles beyoud to Etlah, at which point it was taken up and

19



20 U. S. COAST AND GEODETIC SURVEY.

carried, in 1888, along the same road to Moreau Creek (secondary bench
mark XXV), a few miles east of Jefferson City. Total development of
line of levels from St. Louis mark K; to temporary mark XXV, 194:5
kilometres, or 120-86 statute miles. (See illustration No. 1.)

Observers and dates of leveling.—Assistant A. Braid carried the line
from St. Louis to Iitlah between October 15 and December 6, 1882, and
Assistant (. Bradford, aided by Subassistant I. Winston, extended it
to the vicinity of Jefferson City between April 19 and June 30, 1888.

Instruments and rods.—Geodetic spirit level No. 1 was used by Assist-
ant Braid; it is described and illustrated in Appendix No. 11, Report
for 1880. The metric rods E and F are of the pattern shown on plate
23, Coast and Geodetic Survey Report for 1879, Appendix No. 15.
Assistant Bradford used almost exclusively spirit level No. 2 and No.
3 on only four days; the rods A (A,;), B, C, D were used at one time or
another.! Both instruments are described in Appendix No. 15, Report
for 1879. The instrumental constants are as follows:

'A;and B from April 19 to May 18; then C and D until May 28; then B and D
until June 7; after that date A, and B, but from June 23 to June 30 C and D were
again used, their broken thermometers having been replaced by new oncs.
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Metnod of observing.—As already stated, the method employed for the
part of the line between St, Louis and Etlah was that of running simul-
taneously two parallel lines, but this was changed for the remainder of
the line to the better practice of running two independent lines—one
forward, the other backward. Iu the latter work, before taking the
micrometer reading for ¢ horizon,” the bubble of the level was always
brought to the center of the scale.

Computations.—The field computation was made by the observer, and
the office computation of the 1882 work by Subassistant J. I, Pratt
and Mr, H. Farquhar, with results drawn up by Mr. A. 8. Christie.! The
observations of 1838 were reduced by the observers, and the office com-
putation was made by Mr. I, M. Little in November, 1888, and com-
pleted by Subassistant J. Nelson, in April, 1893. The usual corrections
were made for micrometric difference when pointing to horizon and to
target of staff; for effect of collar inequality; for curvature and refrac-
tion; for length of staff at various temperatures, and for index error
where necessary.

Results.—They are given here in the usual tabular form, but instead
of starting from the sea level the results are given differentially with
respect to the St. Louis bench mark K. 1ts height above the ocean is
at present not known with precision, but the value given in the Annual
Report for 1882, page 554, appears too high, to judge trom the two inde-
pendent lines of levels now extending to the Gulf. TUntil the fieldwork
is completed, and if temporarily approximate results of the bench marks
west of St. Louis be required, we may take for the height of this mark
126 metres, or 413-4 feet, nearly.

'Results reported by me, August 25, 1883.
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26 U. 8. COAST AND GEODETIC SURVEY.

Description of primary and secondary bench marks betwecn St. Louis, Mo., and Etlah, Mo.

K,.—This maik is known at St. Louis as the “City Directrix.” It has
been in use for many years in connection with the levels of the city,
It was originally the top surface of a pedestal of a monument
which stood on Front street, near Market. The monument shaft
was destroyed at the time of the great fire in thatlocality, but the
pedestal remained. It is now (1882) level with the curbstone and .
forms 2 part thereof. A T mark has since been cut to indicate
the point used for a bench mark. The large bronze-plate bench
marks I;, on south face of the eastern land picr of the Great Bridge
at Last St. Louis, Ill., and J,, on the western land pier of the bridge,
were placed, as near as possible, on the same level with the Cisy
Direetrix mark K;.  (See C. and G. Survey Report for 1852, p. 554;
also report of the Miss. River Commission for 1883.)

Secondary B. M, X.—Is cut on the upper surface of the middle top
stone of the south side of the east abutment of railroad bridge
(Missouri Pacific) at St. Paul, Mo. It is marked thus: B. o M.

Secondary B. M, XI1.—Is cut on top of the south side of the west abut-
ment of the Missouri Pacific Railroad bridge at Allenton, Mo. It
i3 marked thus: B o M.

U.S.C.& G.s.

B.9F M.
M,
1882

Ing. 2,

Secondary B. M. XI1.—Is a cross on the head of a copper bolt inserted
in the face of a perpeundicular rocky bluff about three-cighths of @
mile west of South Point Station (Mo. Pac. R. R.). The bolt was
inserted by the United States engineers at work on improvement
of Missouri River.

Primary B. M. Ly,—Is cut on the horizontal surface of the stone ledge
under the windows of the east face of the German Catholic church
at Washington, Mo. It is marked as shown in fig. 1.

Primary B. M. Mz.—Is cut on the northeast corner of the building
occupied by the ¢« New Haven Merchandise Company,” at New
Haven, Mo. The building stands a short distance south of the
Missouri Pacific Railroad track and west of the railroad station.
The B. M. 1s marked as shown in fig, 2.
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Secondary B. M, XI1IL.—Is cut on the north side of the east abutment
of railroad culvert (Mo, Pac. R. R.) about one-eighth mile west of
New Haven, Mo. It is marked thus: B. o M.

Secondary B. M. X1V.—Is cut on the top surface of the north end of
the east abutment of a small railroad bridge or culvert (Mo. Pac.
R. R.) about one-fourth mile east of Ltlah Station, Mo. 1t is

U. S.
marked thus: B. o M.
XIV.

(See route diagram.)
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Deac?‘ipt-ion of primary and sccondary bench marks between Etlah, Mo., and vicinity of
Jefferson City, Mo.

Secondary B. M. XV.—Berger, Franklin County, Mo. A linestone
post 1:7 feet long, rough at the bottom and dressed to 6 by 6 inches
at the top to a depth of 6inches, was used as this B, M. Itisburied
1-5 feet in the ground. 1t is situated on the west side of Mrs. M. M.
Schaub’s house, close to the wall of the foundation and 3-3 fvet from
the southwest corner of the house. This house is quite close to the
track of the Missouri Pacific Railroad (50 feet), just north of the point
where the main street of the village crosses it. Both coruers of the
stone on the south side are chipped off, and the stone appears to be
rather soft. '

Primary B. M. N,,—Hermann, Gasconade County, Mo. A cross cut
on the northeast corner (east side) of the stone foundation of the
“White House” hotel, A. C. Leisner, proprietor, at Hermann, Gas-
conade County, Mo., and the center of this cross was used as the
bench mark. The cross is 1-24 feet south of the corner and 1-26
feet above the surface of the ground. This bench was marked as

U. 8.

. +
follows: B. M.

N..
1588,

‘g"cOndary B. M. XVL-_Gasconade County, Mo. This bench'is the
bottom of a square hole cut in the top of the stone abutment to
the iron bridge on the Missouri Pacific Railroad across Coles Creek.
The bridge rests on a portion of the abutment which is about 4
feet lower than that portion where the beuch is cut. Near the
corner of the stone a cross is cut with the letters B. 4 M.

B. M. X'VI is 0-750 metre east of this, on the same stone. It ison
the east side of the creek and is north of the railroad. Mr. Eaffner
lives near the creek, on the west side. The bench is marked as

U. S.
follows: w}

. B, M
Secondary B, M. XVIl.—Gasconade County, Mo. This bench is the
bottom of a square hole cut.in the top of the middle stone pier of
the Missouri Pacific Railroad bridge over the Gasconade River.
Uu. S.
1t is south of the track and marked as follows: B O M

‘SeCOndary B. M. XVIII.—Gasconade County, Mo. This bench is the
bottom of a square lole cut in the center of the top of a limestone
Post which was set in the ground in the yard of Mr. J. Wolter’s
dwelling and storehouse at Gasconade Station. The post is about
0-7 metre from the southeast corner of the house, which is situated
about 100 feet south of the Missouri Pacific Railroad and about

8. Ex, 19, pt. 2—3
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200 feet west of the railroad station house. T'he post is dressed to
6 by 6 inches at the top and is 18 inches long, buried 15 inches in
U. 8.
the ground. It is marked on top: o
B. M.

Secondary B. M., XIX.—Gasconade County, Mo. This bench is the
bottom of a small square hole cut in the top of the stone founda-
tion to H. Binkholter & Co.’s grain elevator at Morrison Station,
Missouri Pacific Railroad. The building is about 6 inches inside
the outer face of the foundation, and the bench is on this ledge, near
the northeast corner of the building, which is situated quite near
the track, on the south side. The-stone is soft and the letters areé
roughly cut; the bottom of the hole is smooth. This bench is

U. 8.
marked as follows: 0
B. M.

Primary B. M. O;—Chamois, Osage County, Mo. This bench is the
bottom of a square hole cut in the top of the stone across the bot-
tom of the side door to the saloon on the northwest corner of Main
and Pacific streets. This door is on the Pacific strect side and
faces the railroad. The building is a two-story brick, with imiti-
tion stone foundation. The bench is near the west side of the doof

U. 8.
and is marked as follows: o]
B. M.

03.

1888, )
Secondary B. M. XX,—St. Aubert, Osage County, Mo, This bench 18
the bottom of a square hole cut in the top of the stone abutinento
the Missouri Pacific Railroad bridge across Creek, opposit®
the village of St. Aubert. The bench is on the cast abutment, and
is south of the track. The letters are very roughly cut. The bridg®

is about one-fourth mile west of the depot. The bench is marke

U. 8.
as follows: O
. M.

Secondary B. M. XXI.—Near St. Aubert, Osage County, Mo. Is on tb®
north side of east abutment of the first trestle west of mile post
106 on the Missouri Pacific Railroad, and is about 1 mile west 9
St. Aubert Station and between it and Isbell Station. The B. M: 18
a spot surrounded by a square trench (about an inch square), wit

T S8
the letters o rudely and slightly cat.
B M

Secondary B. M. XXII.—Isbell, Osage County, Mo. This bench is the
bottom of a square hole cut in the top of the stone abutment ©
the Missouri Pacific Railroad bridge over Loose Creek. It 1
on the east abutment, and is north of the track, It i situated o8
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the step in the abutment on which the bridge rests, and is about
3 feet below the track. Near the corner of the stone a crossis
cut, with the letters B. M., thus: B. + M. This bench is about
, U B
one-half a mile east of Isbell Station. Marked as follows: BDM
"The stone is a soft sandstone and the letters are roughly cut.

Primary B. . Pi—At Bonnot’s Mill, Osage County, Mo. It is on the
northwest corner of a brick bmldmg used as a store and owned by -
Mrs. L. Bonnot, and is on the limestone block forming the corner
stone, which is about 8 inches square at the end and projects some

"4 inches. The mark is a square cavity in center of projection, and
has on upper surface U. 8, o B. M. and on western face P,. 1888,
The stone is 35 paces south of railroad. The exact B. M. is the
. bottom of the square cavity.

becondar y B, M. XXIII.—This B. M. is the surface of the stone inside
a square (0O) cut on top of the fourth pier (from east bank) of the
Missouri Pacific Railroad bridge over the Osage River at Osage,
Mo. The B. M. is under the center of the track and about the

‘ center of the top of the pier.

Secondary B. M QK\IV —This B. M. is the bottom of a square cavity
cut in the top of a stone post set in the sonthwest corner of Mrs.
Rassler’s boarding house yard at Osage, Mo, The stone post (lime-
stone) is dressed to G by 6 inches at the top and 6 inches below; it
is about 2 feet long and is set 22 inches in the ground. The top of

U8

3]

B M

Secondar y B. M. XXV.—This is the bottom of a square cavity cut in

the capstone on south end of west abutment of first trestle west of
mile post 119 on the Missouri Pacific Railroad, between the Osage

U 8
River and the Moreau Creek. The letters 0O  are. placed thus,
B M

the post is lettered as follows:

“and roughly cut. ‘
(See route diagram, illustration No. 1.)

Accuracy of the preceding results for heights,

The femporary marks of the line between St. Louis and New Haven
are fairly regularly distributed, with an average distance apart of 19
kllometxes hence we may assume the weights for these partial lines to
be equal and the probable error of a difference of height of 1 kilometre
from # double measure (here two simultaneous measures) becomes

T, = 0'675\/[5{?]
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and the probable error for height of a terminal point at the distance
S={s] will be

——ic

These expressions suppose the two measures to be independent of
one another; this, however, is not the case with simultaneous lines, the
condition of the atmosphere at the time being the same for both, and
this is also partially true of the condition of the instrument, so that the
weight of results from two simultaneous lines is but little better than
that for one line. Expericnce showed that in case of two simultaneous
lines the above probable error should be increased by its one-fourth
part in order to approximate to a more correct value.

We have [dd|=6951 and [s]=116-2;
hence r,, = - 0:83"m and adding one-fourth, the corrected value
= £ 1:04"™, also r= |- 11:2mm,

In the line between New Haven and vicinity of Jefterson the tem-
porary marks are also regularly distributed, but only 0-9 kilometre apart
on the average; here we have [dd]=719-9 and [s]=844; hence »,,= +
0-98™m and r= + 9-06m»,

Also for first part of line m,=\/‘l)d[ﬁ, or the meay error of a single
leveling of one kilometre, after increasing the r by its fourth part

) m,= £ 2:16mm
and for second part m,= :{: 2:06

The probable error of the difference of height between St. Lonis (XKs)
and vieinity of Jefferson (N XV)

4 112 4 91 = f. 1o
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APPENDIX No. 8—1898.

PHOTOTOPOGRAPHY AS PRACTICED IN ITALY UNDER THE AUSPICES
OF THE ROYAL MILITARY GEOGRAPIIICAL INSTITUTE, AND AS PRAC-
TICED IN THE DOMINION OF CANADA UNDER THE AUSPICES OF THE
DEPARTMENT OF THE INTERIOR. ALSO A SHORT HISTORICAL REVIEW
OF OTHER PHOTOGRAPHIC SURVEYS AND PUBLICATIONS ON THE
SUBJECT.

Submitted for publization December 9, 1893, by J. A. FLEMER, Assistant.

PREFACE,

A topographic survey of a large area or of an entire country has
been and still is a very laborious, time-absorbing, and expensive under-
takin g. Nearly all the European countries have such surveys of a more
Or less elaborate and detailed nature, which are the fruits of ceaseless
Work, begun many years ago, and in most instauces the topographic
Work is continued to this day, in order to maintain the value of the
Mmaps, particularly for military purposes, by making frequent resurveys,
Covering all changes subsequent to the time at which the original sur-
Veys had been completed.

The completion of a topographic survey of the United States, exe-
tuted on a scale to be useful for general purposes, if undertaken now,
Could not be witnessed by many of the present generation. With a
Practical people like the Americans such an undertaking would prob-
bly be looked upon with more favor if the generation that begins this
Work would also reap some of the beuefits thereof.

The topography of this country is so diversified and the population is
8o Unevenly distributed over the same that the methods to e employed

r such a survey should also bediversified; the character and value of
¢ different sections should govern the accuracy and amounts of detail
°f the survey, in order to reach the quickest yet practically useful and

Valuable results.
b mute and detailed methods, with ensuing accurate results, should
Q

r applied to cities and all closely settled regions, to the coast, larger
vers, and lakes, and the work should be platted on a large scale. Arid,

8rren, and mountainous regions, as well as prairies and swamp lands,
37
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should be more generalized in their cartographic representations and
platted on a small scale.

The new survey of Italy demonstrates this fully, and it is there that
phototopography, the subject to be considered in this paper, has
reached a high state of pertection under the anspices of the Military
Geographical Institute of that country.

Photogrammetry proper (or metrophotography) should be applied to
the art of taking perspective views of buildings with a photographic
camera for the purpose of constructing therefrom the elevations and
ground plans of buildings. It isused chiefly for architectural purposes
(remodeling, illustrating, copying, ete.),

The term phototopography should be generally adopted for all topo-
graphic surveys based on perspective views of the terrene obtained by
means of the camera..

Photographic survey, finally, could then be applied to all surveys based
on photographic data which do not include the delineation of the
terrene (nonhypsometric surveys).

We have endeavored to give in the following pages a short review of
the more important photographic surveys, and of some of the publica-
tions on photogrammetry and phototopography, as well as a conceise
description of the general methods and principles of phototopography
as practiced in Europe and in the Dominion of Canada, in order that
this branch of surveying may become more generally known, tested, and
amplified also in this country.

SHORT REVIEW OF PIOTOGRAPHIC SURVEYS AND PUBLICATIONS.

In Europe the possibility of applying photography for constructive
and surveying purposes was recognized many years ago.

Photographs obtained by aid of lenses ground specially with a view
toward reducing astigmatic aberration as much as possible aud giving
a uniform extension of definition and depth over a strietly flat field will
represent geometrically true perspectives,

Photogrammetry, or metrophotography, is the art of ascertaining
graphically the true dimensions of objects from their perspectives, in
which the relative dimensions of the objects are changed and distorted
(chiefly foreshortened) and can not be ascertained by direct linear meas-
urements in consequence of being represented in perspective view on 8
plane surface.

The study of constructing geometrical views and ground plans of
objects represented in perspective can be divided into two groups or
chapters.

1. To construct geometrical plans from perspectives, composed of
regular figures and taken from points of view close to the object8
thus represented, for instance, to construct the elevations and ground
plans of buildings, machines, and the like from photographs taken from
stations sufficiently close to the same to delineate all details. This art
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may properly be termed photogrammetry r metrophotography; it is
of interest only to cohstructors, architects, paleologists, artists, ete.

2. The objects represented in perspective are of irregular shape and
at various distances from the stations or points of view, like distant
landscapes, and it is desired to construct therefrom, graphically, a
topographic map of the terrene, projected in horizontal plan. This art
may be termed phototopography and it interests topographers, geo-
graphers, geologists, explorers, hydrographers, ete.

Descriptive geometry teaches the laws which are to be followed
when representing objects by drawings on plane surfaces. Tlhe eye
receives the natural image or the view of an object Ly aid of the rays
of light—termed visual rays—which emanate from the illuminated
parts of an object facing the spectator.

If we regard the eye as a fixed point and imagine the rays of light,
emanating from diflerent poiuts ot the object in view, intercepted by a
vertical plane, we will obtain a central projection or a perspective view
of the object in the vertical plane.

Thoe greater. the distance of the object from the eye, the less great
will be the deviation of tho extreme visual rays from the direction of
the central ray; for an iufinite length of the central ray all the rays
will become parallel.

1f the picture or image of the object is given us as a true perspec-
tive in a plane, we can, inversely, construct therefrom a geometrical
Projection of the object in a plane placed at right angles to the picture
Plane, if we know the distance and relative position of the point of
View with reference to the picture plane, and if we have views taken
from a sufficient number of stations in space to envelop the irregu-
larly formed object in question.

- Regarding a photograph as a geometrically true perspective, photo-
grammetry will be the art of reconstructing geometrical horizontal
Projections from given perspective views.

" The theoretical fundamental-prineiples—apgn which such reconstruc-
Application of the same whwinade-by3nc celebrated French savant

:lld bydrographer, Beautemps-Beaupré, hile on a scientific expedi-.
'0n during the years 1791 to 1793. AltHough'tlié camera had not yet
slien invented, it is said_that-Béautemps-Beaupré was an expert
reeFCher, and he made perspective drawings and sketches of coast
coglons while on that expedition, from which, at a later period, he
N8tructed topographic maps of a part of Van Diemen’s Land (now
aﬂmania) and of the island of Santa Cruz. Notwithstanding Beau-
v "'D*S'Beuupré’s frequent allusions.to the feasibility of this method of
w:‘:mg reconnaissance.suiveys myd topographic maps, nothing more
Bl;uda.(zcompAhs;he,d. untfl Launssedat, Jajor in the French army, took tl}e
the ¥ of this subject §p in 1800,A68ing, however, the camera to obtain
Perspectives,
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In 1839, shortly after Daguerre had presented his memorial upon
photography to the Academy of Sciences in Paris through Arago, the
latter called attention to the possibilities of photography in the Cham-
ber of Deputies, where he said:

* * * Nous pourrions, par exemple, parler de quelques idées qu’on a eu sur les
moyens rapides d’investigation, que le topographe pourra emprunter & ln photo-
graphie,

Gay-Lussac similarly called attention to the probable adaptability of
photography to topographic surveys.

In 1838 Chevallier had an instrument patented which he called a
“planchette photographique.” This photographic plane table is men-
tioned and described by Alophe (1861), d’Abbadie, Baté (1862), Jouart
(1866), Tronquoy, etc.

Jouart, Wiganowski, Bat¢, and others also made practical tests and
topographic surveys with Chevallier’s photographic plane table.

Captain Cannette used the sextant and photographic cainera to make
topographic surveys, chietly of fortifications,

In 1851 Laussedat constructed a ¢ camera clara,” which in 1858 was
superseded by the ¢ camera obscura” with additional improvemeuts for
surveying purposes, by Reynault., Laussedat, as ¢ chef du génie corps,”
made numerous experimental surveys and studies with Reynault’s
improved ¢“camera obscura,” partly on his own behalf and partly under
the direction of the French ministry of war. He also was the first to
make topographical surveys with the aid of balloon photography.
During the years 1863 to 1870 he had the assistance of Captain, now
Commandant, Javary, who improved the I'rench phototheodolite and
made experimental surveys in the mmountains of the Dauphiné and
Savoie, in the Vosges, and in Alsatia. The first practical survey of a
more extended character made with the aid of photography in France
was made by Laussedat in 1861, when he mapped a portion of Paris
and also the town of Girenoble under the auspices of the ministry of
war. The area covered by this survey was 0-4 square mile; the field-
work consumed sixty hours, and the office work was accomplished in
two months. o/

Pujo and TFourq@de published an article in Les Mondes, 1865, on
“Goniométrie photographique.”

Other publications in French are:

Comptes Rendus de I’Académie des Sciences, Paris, XLIX. 1859; L,
1860; LI, 1860; LIX, 1864; 1885 and III, p. 729-732, 1890,

Magasin Pittoresque, XXIX, 1861.

Annales du Conservatoite National des Arts et Métiers, 2¢ série,
1V, 1892,

Comptes Rendus dn Congres de Pan et Revue Scientifique de 1892.

“Eléments de Photogrammétrie,” in Bulletin de la Soc. d’Editions
Scient., Paris, 1891, by V. Legros. '

Application de la I’hotographie A la Topographie Militaire, par E.
Paté. 1862, ‘
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Mémorial de ’Officier du Génie, No. 16, 1854; No. 17, 1864; No. 22,
1874.

Bulletin de la Société de Géographie de Paris, Déc. 1862,

Application de la Photographie aux Levers Militaires, par A. Jouart,
1866,

La Photographie Appliquée aux Etudes Géographiques, par Jules
Girard, 1872,

De la Photographie et ses Applications aux Besoins de I'Armée, par
Fl. Dumas, 1872,

La Photographie Applignée an Lever des Plans, par J. Bornecque,
1886,

La Photographie dans les Armées, par Alfred Hanot, 1873,

La Photographie sans Objectit, par R. Colson, 1887,

La Naturoe (Paris).

La Revuec d’Artillerie (Paris).

Bulletin de la Société Frangaise de Photographie (Paris).

] Les Levers Photographiques et la Photographie en Voyage, par le
Dr. (tustave Le Bon, 1889.

Aunales du Counservatoire des Arts et Métiers. Edouard Monet: Prin-
cipes IFfondamentaux de la Photogrammdétrie, published by La Société
@Editions Scientifiques, No. 4 Rue Antoine-Dubois, Paris.

Inrecent years the French ministry of war has had numerous experi-
Ments made with balloon surveying (using both the. captive and free
balloon), balloon photography being better adapted for military and
Secret surveys. : '

France had an exhibit at the World’s Columbian Exposition in Chi-
Cago, 1803, showing photographic instruments and specimens in illus-
fration of topographic and astronomical results; gained chiefly under

ue direction of Ool. A. Laussedat and taken from the collection of the

("mservatoire National des Arts et Métiers, in Paris, of which Bureau

Yol A, Laussedat is the director.

. 'l?he 1?1rst German publication bearing on this subject i

Tticle in Horn’s Photographische Mittheilungen,

as‘“‘{han translation of A. Laussedat’s explanations™ escriptions,
£iven by him on January 9, 1863, in a meeting of the French Photo-

8raphic Society.

editr. A. Meydenbaur's first pablication ou this subject is in the Junek
101 of the Photographische Mittheilungen of 1863, <where he uSes

w2 term ‘“‘photometrography,” which was subsequently changed into

Dhot‘.’gl_‘ammetry.” -

N &?‘%‘el published, in the March number of the same magazine for 1866,

Do lfﬁle on the use of Johnson’s photographic mst?ument for making

el_tigmphlc surveys, showing the method of obtaining horizontal and

- vcal angles from the perspectives.

en?ir Since Dr. Meydenbaur first became interested in this method

€avored to interest German private and Government surveyors
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in photogrammetry. He has Leen recently appointed director of the
Photogrammetrical Institute in Berlin, founded by the Prussian Gov-
erument as a branch bureau of the ministry of culture. May 4, 1893,
Dr. Meydenbaur (royal counsilor), gave a lecture on metrophotog-
raphy, or photogrammetry, in the ministerial bunilding, under the aus-
pices of Mr. Bosse, minister of culture,

Although this photogrammetrical institute was founded several years
ago, no official publications or reports have been issued yet to the public,

Professor Jordan, Dr: Doergens, Dr, Stolze, Dr. Vogel, and Dr. Hauck
have done much toward popularizing the photographic methods of sur-
veying in Germany and Austria.

Professor Jordan published «a treatise upon “The application of pho-
tography for geometrical representations” in the Zeitschrift fiir Ver-
messungswesen, 1876, Ieft 2, Bd. V, and he points out the future
importance of photogrammetry in his closing remark: “FPhotogram-
metry can be applied with the greatest advantage in certain cases, e. g.,
for the survey of inaccessible mountain groups and ranges, on scientific
expeditions,” ete.

The first attempt at a photogrammetric survey in Germany was made
under the direction of the Prussian ministry of war and commerce in
1867, when a survey of the town of Freiburg and also an architectural
survey of the cathedral in Freiburg were made. The fieldwork was
continued through four days and the area surveyed comprised about
0-04 square mile. The office work for the construction of the map con-
sumed. three weels, while it took one week to draw the ground plan,
one side, and one front elevation of the cathedral.

During the Franco-Prussian war phototopography was called into
service by the German army, and a detachment of the engineer corps,
under Dr. Doergens (later professor of geodesy in Berlin), was formed
to obtain certain distances about the city of Strasburg with tue aid
of a camera, during the siege of that city, This detachment made.
a map on the scale of 1 to 25,000 of the besieged front of the city.
However, the result was not utilized by the army, the city having capit-
ulated before the map was fully platted.

Professor Jordan, as member of Rohlf’s African cxplorivg expedi-
tion in 1873-74, made a phototopographic survey of the Qasis Gassr
Dachel in the Libyan desert.

In 1874 Dr. Stolze used a Meydeubaur camera-theodolite to make o
survey of the ruius of Persepolis, and also an architectural survey of
the mosque of Djumiht, in Shiraz, Persia.

In 1885 the students of the technical high school in Berlin, under
direction of Professor Pietsch, used two instruments specially con-
structed to obtain views also under an inclined position of the optical
axis of the camera. They obtained satisfactory results from various
ascensions made in a iree balloon, as well as from views taken on the
ground for architeetural purposes.
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Photography has also not quly found practical application in topo-
graphical surveys of Austria, principally in Steiermark and Kirnten,
but the art of phototopography has made rapid strides in gaining
public favor in that country, owing to the treatises and works pub-
lished on this subject by I’ollack, Hotterl, Steiner, and others, as well
as to recent improvements in the instruments.

The following are the principal publications in German on photo-
graphic surveying:

Photographisches Archiv, Septr., 1865.

Zeitschr. fiir Bauwesen, 1867,

Archiv fiir die Offizicre des k. preuss. Artillerie- und Ingenieur-Corps, .
Bd. 63, 1868.

Deutsche Bauzeitung, 18

Zeitschr. f. Vermessungswesen, Heft 23 and 24, 1887.

Journal fiir die reine und angewandte Mathematik, Bd. 95.

Das Licht. 8. G. Stein. Meft 5, 1887. (Photogrammetrie, von V.
Stolze.) '

Lechner’s Mittheilungen aus dem Gebiete der Photographie und
Kartographie. R. Lechner, Graben 31, Wien.

1818)1‘. C. Koppe: Die Photogrammetrie, oder Bildmesskunst. Weimar,

9,

_V. Pollock: Die photographisehen Terrainaufnahmen mit Beriick-
Sichtigung der Arbeit in Steiermark. R. Lechner, Wien, 1891.
) V. Pollock: Photogrammetrie und Phototopographie. Mittheilun-
gen der k. k. geogr. Gesellsch., 1891 (pages 175-195), Wien.

Fr, Steiner: Das Problem der fiinf Punkte, cine Aufgabe der Pho.

grammetrie, 1891. Wochenschr. d. str. Ing. und Axcht.-Vereins
(Pages 214-217).

LFI‘- Steiner: Die Photographie im Dienste des Ingenieurs. Iin

lirbuch der Photogrannetric.. R. Lechner, Wien, 1891.

Ine‘tr: Scyiﬁ'uer: Die photographische Messkunst, oder Photogram-

N S"l(i,s ?;ldmesskuust und Phototopographie. Wilhelm Knapp, Halle
4y AOvL,

sOh;ft,é' Meydenbaur: Das photographische Aufnehmen zu wissen-

orl lichen Zweckeun, ins besondere das Messbildverfahren. Unte's

ags-Anstalt, Berlin, 1892.

]ich;s?v Fritsch, in Dr. G. Neumayer’s Anleitung zu wissenschaft-

o 183.6(_)b'achtungen auf Reisen. Robert Oppenheim, Berlin, 1888.

m V c]nﬁner: Ueber die photograinmetrische Aufnahme einer Kiiste

890 orbeifahren. Mittheilungen aus dem Gebiete des Seewesens,
» bages 412-417,

bs tr. ]]i&tfer]: Ueber 1"hotogra,mmetrie. Vortrag. Wochenschrift des

' “NE.- u. Archit.-Vereins, 1890, pages 199-203.

bir + Pollock: Ueber Anwendung der Photogrammetrie im Hochge.

€. Vor . " - .
I)agges 2(}{28’;33- Wochensehriit d. dstr. Ing.- n. Archit.- Vereins, 1890,

72.
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Volkmer: Das Wesen der Photogrammetrie. Wochenschrift des
gstr. Ing.- u. Archit.-Vereins, Vol. X1V, page 157.

Jordan: Vermessungskunde. II. Feld-Landmessen. Metzler’sche
Verlagsbuchhandlung, Stuttgart, 1893. _

In Italy we find, as previously mentioned, that phototopography has
been brought to a high state of perfection in recent years.

Porro spent much time, labor, and energy in perfecting photography
as applied to tachymetry and topography. The results of his labors
were published in 11 Politecnico, Vols. X and X1, under ¢ Applicazione
della Fotografia alla Geodesia,” 1853, Saldini, Milano. Porro’s instru-
ments have all been preserved by Salmairaghi, director of the Voly-
technic Institute at Milan, of which Porro was a member.

In 1875 Manzi Michele, officer of the Military Geographical Institute
of Italy, utilized some photograplic views of the “Abruzzi” to supple-
ment lis plane-table survey of the “Gran Sasso.” In 1876 the same
officer continued the practical application of photography for the topo-
araphical survey of “Mont Cenis” (Bart Glacier).

The Military Geographical Institute then decided to suspend all pho-
tographic work indefinitely, as many maintained that photographical
data for topographic purposes were unreliable.

In 1878 CGeneral Ferrero, chief of the geodetiz department of the
institute, called the attention of the directory of the institute to the
desirability of resuming the studies in photogrammetry ; and in the same
year L. P.Paganini, engineer geograpler of the institute, was com-
missioned to proceed to the Alps, near Apua, to resume the studies in
photography applied to topographic surveys, with a view to ascertain
whether phototopography was cconotnical and expedient for practical
work.

During Paganini’s first season he obtained 17 cycloramic views, com-
posed of 110 perspectives. A number of these perspectives were used
to construct a map, in Florence, on a scale of 1 to 25,000, of the marble
quarries at Colonnata (Carrara), with hypsometric contours in intervals
of 5 metvres.

In 1879 Paganini (using bromo-gelatin plates instead of wet plates,
as heretofore, also having improved the camera theodolite) surveyed
the Serra dell’ Argentera, whicl’ was platted on a scale of 1 to 25,000,
with contours in 10 metres intervals. This survey was based upon
panoramic views obtained from fifteen stations, on eclevated points,
comprised 113 perspectives, and was the result of a field season of two
months and a half. Also, this map was constructed in Florence during
the following winter, and it represents an area of 28 square miles. 'The
contours were controlled by 490 points, the elevations of which had
been ascertained.

In 1880 the same officer commenced the survey of the area bounded
by the valleys of the Orco, the Valsoana, the Cogne, and the Valsava-
ranche, representing an area of about 386 square miles, The survey of
this area was finished in 1885.
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However, since 1884 Paganini used an improved instrument, made
by Galileo for the institute after plans submitted by Paganini. He
also invented three instruments which greatly facilitate and accelerate
the otherwise tedious graphic operations of the map construction from
the perspectives, and which will be described later on.

Paganini’s results proved the efficiency of phototopography for Alplne
work, to be platted on a scale of 1 to 25,000 or 1 to 50,000, and the tech-
nical solution of the problem has been full) established. Owing to the
untiring effortsof the officers ot the Military Geographical Institute, and
the good results which they obtained, phototopography has been
adopted as an auxiliary to the plane table for the new survey of Italy.

In a wmore recent report ou phototopographic work by Paganini to
the first geographical congress in Italy, he described his latest improve-
ments to the camera theodolite. An extract from this report, made by
Fenner, can be found in the Zeitschr. f. Verm., 1893.

A German translation, by A. Schepp, of ]’aganini’s “La fototopo-
grafia in Italia” can be found in the same periodicalfor]891 and 1892.

C.W. Verner, ¢ Notes on military topogray hy ”1891. JAlso, Mechan.-
ies, Vol. 11, p. 168, “Application of photography-tosiiiveying.”

A short article on photogrammetry has also been published by Henry
A. Reed, lieutenant, United States Army, ¢ Topographical drawing and
Dhotogmphy a,pphed to surveying.” Another work in English has been
Issued by Allen, in London.

Civil and Mlhtary Thotogrammetry (read before the American Phil-
l0801)hica1 Society, May 6, 1892), by R. Meade Bache, assistant, United

tates Coast and Geodetic Survey.

The following works are very explicit and full of detnﬂb

Photography Applied to Surveying, by Lieut. 1 i y A. Reed,
States Army. John Wiley & Sons, 15 Astor pla e, 1889,

P]lOtO“‘I’&pth Surveying, by E. Deville, survgy\oﬁgﬁﬁal Canada.

bta.er, 1889. This work, unfortunately, is out of print. Only a lim-
Iteq number of copies had begn printed, chietly to supply the Dominion

and surveyors.
CZ o ( Ny Ok CAIQ A

U («AG‘;Q
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INTRODUCTION.

Topography (description of locality) serves to represent and describe,
in horizontal plan, limited arcas of the earth’s surface, showing vertical
and horizontal distances (the relief) between points of the area thus
represented. On every topographic map, therefore, the characteristic
lines and forms of the terrene, including natural objects which appear
on the earth’s surface, must be recognizable with more or less minute
detail, according to the scale and purpose of the map.

Generally speaking, the scales of topographic maps vary from 1
t0 10,000 to 1 to 200,000, On a larger scale than 1 to 10,000 such maps
are chiefly used for constructive (engineering) purposes; they show all
artificial as well as natural objects on the earth’s surface, and they are
the result of special surveys for special purposes.

Maps on a smaller scale than1 to 200,000 are designated as geo-
graphic maps. Their topography is generalized to show only promi-
nent and characteristic features (mountain ranges, valleys, plateaus,
seas, lakes, rivers, etc.). _

The topographer inspects the area to be wmapped and intuitively sep-
arates characteristic features from minor detail. He immediately, o
inspection, recognizes what is to be shown on the map, and consequently
embodies only such topographic features of the terrene as will har-
monize with the power of representation of' the adopted scale for the
work. It is useless to locate features during the instrumental survey
which are too small to be represented on the scale of the map. AB.
expert topographer will make a topographic map of a given area in
the least time necessary, yet show all characteristic features that cap
be drawn and represented in harmony with the scale of the map.

After a system of triangulation has been extended over a country
and the topographic details of the same area have been gathered by
a series of photographic panorama views, taken from these trigono”
metric stations, and supplemented, where needed, by views taken from
other points (the latter to be subsequently connected with the triang®
lation by resecting or otherwise), an experienced topographic drafté
man can select all characteristic topographic features from suc
photographs, for mapping purpose s, with the same good result as b1
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topographer would select them in nature from the same area, as shown
in the photographs, were he to draw the map in the tield (plane-table
method).

If by a simple graphic method such selected characteristic points
on the photographs can be platted upon the map, a great deal would be
gained 4in the survey of certain regions and under certain conditions
toward a saving of time and money, compared with the instrumental
methods of topographic surveying as generally practiced. At present
phototopography can not replace instrumental topography; still, experi-
ence in Italy, France, Canada, Austria, and Germany has proven it to
be a very valuable adjuunct to the plane table and transit for topo-
graphic surveys of rugged mouuntainous regions, if they are not too
wooded. ‘

The following description of photographic instruments and methods
is chiefly a condensed extract from the previously mentioned article
printed in the Rivista di Topogratia e Catasto, 1889, by L. P. Paganini,
engineer of the Royal Italian Military Geographical Institute, followed
by a description of instruments as used and methods as practiced in
Canada, with a short reference to German, French, and Austrian
instruments. '



CHaPrER 1.

THE PHOTOGRAMMETRIC APPARATUS —PRINCIIPAL COMPONENL' PARTS
O THIX PERSPECTIVES,

Figure A shows Paganini’s Itulian photogrammetric apparatus. It
has a tripod which can be dismembered into three ¢ alpenstocks”
A, 4, and A, a theodolite, and a camera C. All three parts can be
firmly united by means ot spiral springs and screws.

The three screws 8, of the tripod head H (but two shown in draw-
ing) support the theodolite, and the camera € is supported by another
set of three screws 8/, 8./, and Sy, which are connected with the hori-
zontal limb of the theodolite in such & manuer that the camera can be
revolved about the vertical axis of the theodolite.

A spirit level L and telescope 7' are supported by an upright. piece
U, placed at right angles to the horizontal limb of the theodolite and
at oune side of, but close to, the camera.

" The telescope 7' is provided with two cross hairs (one vertical and
the other horizontal), in the usnal adjustable manner. The camera box
is made of hardeued pasteboards, which are stiffened by a metal skele-
ton casing B. The camera is provided with an aplanatic objective
(antiplanet), made by Steinbeil, the focal length of which is 244-5™"
and the aperturein the diaphragm has a diameter of 5w,

Regarding the general arrangement of the camera, it may be said
that—

1. The optical axis of the photographic lens (objective) is vertical to
the image plate 1.

2. The intersection O of the optical axis and image plate I i8
marked on the latter by the point of intersection of two very fine plati-
num wires p, and p,, placed at right angles to each other and very
near the image plate I'; when in adjustment one p, of these fine wire8
is horizontal and the other p, vertical.

The optical axis of the camera can be adjusted in horizontal plane by
means of the three milled head screws 8/, 8/, and Sy which support
the camera. The horizontal wire p; i8 adjusted (after the instrument
has been carefully leveled up) in horizontal plane Ly finding som®
easily identified point on the ground-glass plate I, which is bisecte
by this wire, and by gently revolving the camera about the vertical
axis of the instrument; if the wire p, is in horizontal plane, tbe
observed point will be secn to move along p, during the revolving
motion of the camera. Should the bisected point appear above OF
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below the wire p, at any time during the revolution of the camera, the
8ame must be adjusted in horizontal plane by aid of the two forward
8crews Sy and 8, which support the camera.

The camera is provided with a short tangent screw ¢, by means of
Which the same can be slightly moved in azimuth, while the telescope
and horizontal limb of the theodolite remain stationary. This will
enable the observer to place the optical axis of the camera parallel to
that of the telescope 7, provided both are adjusted in horizontal
Dlane. This correction is made by observing some distant point in
the intersection of the cross wires of the telescope and then clamping
the theodolite. The camera is now moved by means of the tangent .
Screw ¢ to the right or left until the same point appears in the inter-
8ection O of the two wires p, and p., it being already Disected by the
Camera wire p;, as described in the preceding adjustment.

The points of the camera cross wires p; and p. appear upon every
Plate taken with the camera, and as these plates are vertical to the
OPbtical axis of the camera, the perspectives obtained after the camera

ad been adjusted, as described in the preceding paragraphs,® are in
Vertical plan and each shows the principal point ot view 0, as well as

¢ two axes, p, and p,, intersecting each
Other in 0 at right angles. The line p, rep- M
re_Sents the horizon of the station whence the
Pleture was taken. d

Instead of the fixed platinum wires p; and =

P 8ome recent instruments (among otbers
086 used in Canada) have a set of teeth
f‘ttached to the camera, close to the plate I,
43 shown in figurel. If solar prints are used
. 9 the map construction instead of the plates,
%H arrangement is more desirable than that of the fixed wires, as the
Pringg wip unavoidably be a little distorted. The lines p, and p, are
;'efﬁrably drawn in red ink on the prints after their positions in regard
a;‘ 8 teeth have been experimentally ascertained or checked. Great
.6 must be exercised in locating these lines properly, as they form
. reetangular system of coordinates to which every point in the picture

Teferreq during the process of the subsequeut mayp construction. They

‘:u(i aid in ascertaining the value of the constant focal longth of the
org, .

Fi

I)hrrlél’ure 2 shows the longitudinal section of a camera withl Fhe dia-
n‘gm AB in position, the aperture of which is 5™ in diameter.
: they Sl}ch rays of light, emanating from a point, ¥, in nature, will reach

\\I_)Omt n on plate I which form a cone around the central ray nON

ui
Fia. 1.

» et N e me et e PN
t etg‘zr o ]"empoctivo has been taken and it appears desirable to obtain a view of
N w?}ne immediately below (or above) the same, tho construction of the instru-
by, U permit o deprossion (or au clevation) of the optical axis of 30° below for
he horizon.
8. Ex. 19, pt, 2—4
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with apex in # and base in O of pmw diameter. (In our diagram, figure
2, this base will be an ellipse with 5™ length for the short axis; the
cone of rays emanating from a point, 0, would be intercepted by the
plane of diaphragm AB in a circle of 5" diameter.) The camera lenses
are so focused that even for the largest diaphragm aperture used all

TG, 2.

points from 10 metres to infinite distance from 0, will be ciearly photo-
graphed with a maximum error of 6mn, as will readily be seen from
the following discussion:

a=distance of object from O (10 metres to infinite distance).

f=principal focal distance (240mm),

b=focal distance, variable for different lengths of a.

From the well-known relation:

1 _l 1
—u+h
we find
af
I)=” __j- (1)

By adopting 240" as value for /, and substituting different value®
from 1 metre to 300 metres, for «, in formula (1), we obtain the fol-
lowing values for b:

@ (inm) o1 10 20 10 40 50 il w200 300
b (in mne) B16°8 D5 2420 241D vl 24001 240°7 2405 2402 240-02

The error, therefore, in maintaining the focal distance constant is 6“"?’
if the object is 10™ distant from the image point; is 1w if the object }s
50-100™ distant from the image point; is inappreciable if the object
300 or more distant from the image point.

The value ., of the error (distortion), maintaining a constant focal di8

. . . . . . 1
tance = 240™™ in the photograph for points at different distances, et

be seen from the following: d
Assuming again that the plate 7 is held in a fixed position ““t
opomm distant from the “image point” (principal focus), it 18 evide”
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that the plane of image I will intersect some of the cones of rays
(passing through aperture of diaphragm) in a circle (or in an ellipse)
instead of intercepting their apex. From the foregoing table we see
that this circle of diffused rays will increase in size with the decreasing

b3

Image Plate
o
Q
3
]
x

Ef—. 3

' o0

+ o]

Q (3

2 L

Q 8 [

(@) -

' [a) ;

L~.. .- O - R R L IR R TR R TR cedes f. cee .3
Fia, 4.

di§tance of the object photographed. The length of the diameter, x, of
(gls circle (or ellipse) can be ascertained from the following relation
g. 3):

a.
¢ If wo assume this aperture, O, in the diaphragm, to be 5mm in diame-
€Y, and assume the same values for S and a as in the preceding, we
nd the respective values for . as follows:
Clnm) — 1w 20 30 4o 500 75 100 2en 300 400 500 00 1000
T ) -0-12 0506 0-04 003 0eD2% 0e0TH  :012 °00G 1004 0003 0003 0-02  0-001
he diameter, z, of the circle (or ellipse) is evidently quite small, and
® maintaining ot a constant focal distance can be well carried out for
\Dractical purposes without appreciable errov.*

P, .
The apparatus described in this paper is provided with a metal graduation plate,
00&“(:1“ng in the direction of the camera axis, and lmurin.;: n fwrutf-.h to mnrl& the
is o ongth of the cumera wl.lc.n focused 1.|pon objects at u.ll'n‘nte distance, .l' rox'n
ngmsmtch, toward thie scusitive p]{n.te u.I the cmmera, i mll]m}etre graduation is
ocal | el upon the plate, by means of whieh the observer can (1|r4-(:t]¥ measure the
. ‘ength of the cnmern if the sama is changed at any timo for any pictures. The
N g:gtlve cy]indor can be moved in the (lil:ecti.on of the camera axis by means of a
one Lél'oove 'cut_mto n RO.(:OH(I cylinder wln.ch ig ﬁ'rmly fl.t.tnc.be.d to the camera, und-
U8 rn of this screw is equal to an axial n.mtm.n of 1 nu]hmo.tro, the c]m..ngo ?t
o fo][ml readily be ascertmined to one-tenth of a millimetre, a8 will be described in
O\Vlng-;
ghdisl‘evolvin[.; the external eylinder, .th(\ nmtu.l atrip 'or plate attached to the same,
o lll)muud the outer surface ot: tho. inner eylindor (irmly attached to t]'lo camera),
ing th ears g cirenlar seratch lying in  plane vertical to the camera axis and. pass-
Plagg ough the constﬁ,nt focns (or through i ]u'nnt whoseo distanco from tho image
©quals tho principal focal length). This circular seratch is divided into ten
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The distance of the point of view from the perspective plate, the
principal point of view on the perspective, and the line of horizon can
always be ascertained or rectified by instrumental observations and
computations,or graphically,as has been indicated, and as will be shown
more fully.

We have described how the optical axes of the telescope and of the
camera can be brought into two vertical parallel planes. Both can be
kept in this position and yet be revolved about the vertical axis of the
instrument. The horizontal limb of the theodolite is divided into 360°,
with subdivisions of 20/, and by means of two verniers 30" can be read.
The vertical circle is provided with the same graduation. Thus the
means are given to ascertain the azimuthal positions of the optical axis
for each perspective; or, in other words, the means for orientation are
thus provided for. The magnetic azimuth of the principal ray of the
perspectives (i. e., direction of optical axis for each exposure), or the
horizontal angle made with any other line passing through the station
and some known point (e. g., trigonometrical point), can readily be
agcertained.

All the perspectives which are to be used for mapping must be
obtained from stations with known geographical positions. Generally
trigonometrical points are selected for photographic stations, but if
other points have to be occupied the elements needed (horizontal and
vertical angles) to delermine their positions with respect to surround-
ing triangulation points, can readily be observed by aid of the theodo-
lite before leaving the camera station.

e

equal parts, and the metal scale, passing over this graduated ring when tho objoctive
tube is moved toward tho sensitive plate, will indicate by its position on this cireu-
lar scale the number of tenths of millimotres it has moved beyond the number of
millimetres whicly nro read off on the metal scale first mentioned.

The focal lengtl is o very important fuctor in all phototopoegraphic work, and it
is advisable to verify at the beginning of operations the reading of the metal scalé
and if the principal focal longth is changed, the dilterence must be ontered into the
notehook, so that the proper correction can Le applied later on.



Cuarter IT.
FUNDAMENTAIL PRINCIPLES OF PHOTOTOPOGRATHY.

Tt was comparatively easy to obtain a close connection between the
pllOtotopogruphic stations and the unew triangulation of Italy, as the
Committee who had charge of this triingulation has provided 1taly
With o generous and harmonious disposition of triangulation points,
Which have been very carefully located, their exact positions computed
and permanently marked in the field, irrespective of the character of

¢ surrounding topography or of the order of triangunlation to which
they lelon g

This great nunber of triangulation points not only facilitates the
Aplication of the camera and assures the acenrate determination of

€ Panorama stations, but it also simplifies the subsequent map con-
8tru(:tiou, as the greater part of the perspective contains one, two, or
Ill.ox-e triangulation points, although the instrument commands a field
Y‘eW of but 42° horizontally.

hus all cardinal points of the perspectives can readily be adjusted,
ﬁale' Dictures are gusi]y orientated for the map constructi‘on, and the
1ent topographical features, deduced from the perspectives, can be
I'e‘lll(mtaly checked.
Werhe camera} used for this work gave 1).iCtlll'0k.s' of 185 V( 14 (the pla}es
verﬁ 19 x 24+5°m); the lens controlled a field of 420 horizontally and 520
1cally (262 above and 26° helow the horizon). Recently, however,
O:ullens of the camera has Leen exchanged for one with a principal
r .length of' 240™™ in order to use plates of 18 x 24em, which size is
iy supplied by photographic dealers.

. OF an exact determination of the primary points of the perspectives

18 Necessary to measure the ¢ coordinates” of the points in question

ﬁt)slé the perspectives as accurately as possible. To insure good results
. lueasurements should be made upon the negatives with a pair
e;}xl{lel“s made espeoial!y f01: thi§ purpose, by means of which the
distances are obtained in millimetres and tenths.

ecolldary and tertiary points need not be obtained with the same
cipgarﬁe Of accuracy as the primary points (needed for the (“,ontrol prin-
¥), and as the plates are not well adapted for the making of direct
umZ‘;P?ments thereon, nor ff)r t.he marking of identical points with
o se:‘- 8 or other chara.cters, 1?, will _be better tq take all measurements
a‘ng‘;onda.%-y and tert}ary points from the prU}ts, as the permanent
8 which such prints undergo, compared with the negatives, are,
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when some care is exercised, hardly ever greater than the irregularities
which can be discovered in auy drawing on paper, no matter how care-
fully made.

‘The perspectives (panoramic views) which are to subserve the map
making, and some of which are also to be reproduced as illustrations
to accompany certain maps of the Alpine ranges, are obtained by ten
successive exposures. After the camera has been adjusted at a pano-
rama station, it will have to be revolved about the vertical axis through
an angle of 36° after each exposure, and, as cach plate subtends a
horizontal angle of 429, the two ends of adjoining plates will lap over
by u vertical strip of the horizon of 3°, or each one of two adjoining
plates will have a vertical margin of 15" width reproduced on the
neighboring plate. :

Figure 4 shows the horizontal projection of the positions of ten plates
(PrP? . . . . PW) atapanorama station. VP'=VPi= ., . . .
V P =/ = principal focal length of catera = 244:-5mm,

P

I, 4.

The common margins of two adjoining plates serve principally 0
ascertain whether the adjustments of the instrument have been dis®
" turbed during the occupancy of a station. Should, for instance, the
position of the hovizontal thread have becn disturbed by some causés
this would Le shown by different vesults when measuring the ordinate®
of identical poiuts of two adjoining margins. These margins als0
serve admirably for the correct trimming of the edges of adjoininf
pictures if they are to be fitted together for the panorama,

The horizontal projection of the ten plates exposed from one pano’
rama station is a regular decagon (fig. 4), with a radius of the inscribe
sirele equal to the principal foeal length of the camera.

After the position of one panoramic view has been found on the maP-
(. e., after the angle w, tigure 4, has been plotted from the station yw
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the triangulation point, shown in the figure), the orientation of all the
other plates is accomplished by adding 369, 720,108 . . . . to
the angle w; thus the entire decagon can be plotted after the horizontal
projection of plate P! has been orieuted with reference to the station
V and the triangulation point plotted on the map.

The orientation in horizontal plan having been made, it will be an
easy matter to draw lines of direction from the platted camera station
to points photographed in the panorama.

The plate m m' »’ n, figure 5, may represent a vertical and oriented
perspective and OO’ be the line of the horizon of said plate. V isthe
point of view; ' represents the angle of orientation for this plate in

A

n'

IS TEN

reference to the secondary point A (i. e., the horizontal angle between
tl}e direction from V to «' and the vertical ray V P to principal point of
View P of the perspective).

VP=Fis the principal focal length. If A represents a point of the
terrene in space and « is the representation of the same on the plate,
and if the vertical ¢ a’ has been drawn from ¢ upon the line of horizon
0 ()", then P a/=2x will be the abscissa of the point a.

From the rectangular triangle V Pa’ we find:

z = ftan o'

/Flgure? 6 shows this triangle as V/ P’ @' in the plane of the drawing;

= h()I:lZOIlt.il,l projection of the principal point of view (P in fig. 5) of

e horizontal projection O O’ of the plate (m m’ 2’ n in fig. 5) which

b;dtltieen o?ienned in the plane of the map by the direction V-8 (or rather
© horizontal angle , fig. 6) to the trisngulation point 8.
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In order to draw the herizontal projection of the ray from V to the
point 4 (fig. 5) the distanece I” &/, (fig. 6) = I ' (fig. 5) = z is'laid oft
upon O O (fig. 6) from P/, in the sense of direction to -4 (whether to the
right or left of the vertical thread). This abscissa x is taken from the
picture by means of a pair of dividers as the radius a p (fig. 5). After
drawing a line from V’ through a’ (fig. 6), this line ¥ a/ will be the
horizontal direction of the ray V A (fig. d).

The position of 4’ (horizontal projection of A plotted on the map) will
be in the intersection of two or more lines of direction, obtained, in a
similar manner, from other pictures containing a and taken from other
stations. The same refers to all other points of the terrene, if their
pictures can be identified upon plates taken from different panorama
stations. '

Bvery perspective containing the .picture of a triangulation point
will give evidence of the grade ol aceuracy for the relative plotted posi-

™~ S

Tia. 6.

tions of the horizontal projections of the point of view and of the per-
spective, as well as for the orientation of the plate, by laying off upon
0 O (fig. 6) the abscissa 2’ of the triangunlation point § and drawing the
line V/ &, which should bisect the plotted point S,

If the horizontal projection of a point, 4, has been determined by the
intersection of two rays from two statious, V' and V7% a check is
obtained if a third plate, taken from another camera station, V7, shows
the same point, as all rays to the same object, 4, must intersect each
other in the samne point on the map.

The hypsometrie determinations of the terrene can readily be accom-
plished after the selected points have been determined and plotted in
horizontal plan in the foregoing manner, If the elevation of the sta-
tion V (fig. 5) is known, the elevation of the line of horizon O 0’ ou the
plate m m’ ' n can be easily obtained by adding the height of the instru-
ment to the elevation of the station V. The elevations of all the points
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on the plate which are bisected by the line O 0’ have the sanie ele-
Vation as the optical axis of the instrument at the station V, disre-
garding the effects of curvature and refraction. The apparent elevations
of other secondary points, selected from the plate for the construction
ot the map, are obtained by determining their elevations above or their
depression below the line O 0.
1f D) =horizontal distance of a point A from the station V;
= VA’ (to be measured on the map) (fig. 5);
I, = difference of clevation between point /A and station 1
= A A’(A’isthe projection of A upon the horizontal plane through
optical axis of instrument at station V);
d = horizontal distance of the picture of 4 from V;
Then we have from the similar triangles V'« @ and V" A’A the relation

L:D=y:d 1)
h=fy @)
From the rectangular triangle VP« we find:
d= o : 'm/= f'see @ (22)
Whenco: szigy (3)

Should the point A be bisected by the vertical thread then o'=0
ang gee @' =1, or:
L="y (39)
J

. (Formula 3 would answer for all points of the perspective if' the
Mage plate were a cylindrical surface of radius =/ instead of being a

ane, it the decagon were a circle.) ’
The differences of elevation, taken from the perspectives, are positive
or Negative according to the relative positions of their points in respect
the line of horizon (', whether above or below the same. 1n order
th (?btain the apparent elevations of these points above mean sea level
®Ir ordinates must be added to or subtracted from the elevation of the
8Mmera station. Two graphical instruments lLave been constructed
-a8ed upon the formulas (1) and (2). The one serves to locate the points
n horizontal plan by intersections after their absecissi: (z) have been
e:a"illl‘ed upon ‘the persl)ectives. The other serves to :1-scertf1,in the dif-
aft:nces of their elevations compared with the height of instrument
N T the abscissie (¢) and the ordinates (y) of the points have been

43ured upon the perspectives. _
enl;e u§e of these auxil'iary instruinents enables the .draft;sma,n .to dis-
'Pojee With the construction of the decagons (representing tl.xe horizontal
t esectlons of the panoramas about the plotted camera stations), and as
a} bolygons must be very earefully drawn, the dispensing with them
8ether, especially if the area to be plotted is extensive and the sta-
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tions numerous, will save much time and labor. Itis particularly desira-
ble to avoid the drawing of these polygons if the plotting is to be done
ou 1 to 25,000 or 1 to 50,000 scales, as the numerous decagons will inter-
mingle in such a mauner that great care and painstaking must be exer-
cised to avoid confusion in selecting the proper lines from the intricate
network of lines upon the face of the drawing. An attempt has been
made to overcome this difficulty by drawing the different polygons in
lines of different colors, but even this expedient failed when plotting on
small scales.

Also, the hypsometric determinations of secondary points can be
cliecked by comparing the elevations obtained in the preceding manner
with the results obtained in tne same way from other stations and on
other plates.

[Furthermore, any perspective containing one or more triangulation
points (the elevations of which are determined by double zenith dis-
tances, or by any other instrumental method) will serve to check the
horizontal adjustments of the instrument during the exposure of such
plate, by comparing the elevation obtained from the perspective with
the elevation of the trigonometrical point obtained by former instru-
mental measurements. Should the elevations of the triangulation points
be unknown, this check can still be made by using the vertical circle of
the instrunent and measuring the vertical angles (o, fig. 5) from the
panorama station to the surrounding triangulation points. By observ-
ing vertical angles from: every camera station, a check on the measured
values of the ordinates on the perspectives is obtained, inasmuch as
then these ordinates can be computed and compared with those obtained
by direct measurements on the perspectives.

Trom the triangles V A’A and 17 a’ « we find (fig. 5)

tan A VA =tan o= 113= (’;
According to formula (2') we had
e
oS @'
therefore: tan o = ;Z 0s @ (4)

where &' is the horizontal angle formed at 17 by the vertical plane con
taining the line of dircction from the camera station V to the triangu”
lation point and the vertical plane containing the line drawn from V t0
the principal point P of the perspective, which horizontal angle can also
be measured directly on the horizontal limb of the camera theodolite in
the field before leaviug the station. If these different values are not
in accord, the horizontal line on the perspective must be adjusted by
determmmg the value of the ordinate y by aid of the following formul®
(b) derived from (4): )

y=- S L tan a (8

o8 @
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From the preceding the necessity of the precise determination of the
value for f is evident, and this value can readily be found if the area
to be surveyed is provided with a number of triangulation points,
marked by signals, and if the secondary points are of such a character
(for 1nstance, when surveying mountain ranges) that the difterences ot
their elevations, compared with the elevation of the panorama station,
are sufficiently great to give their ordinates on the perspectives, lengths
sufficient to be readily measured. This will perinit the determination
of f by means of the line of horizon O 0, the latter being an element
obtainable from the perspectives with a great degree of accuracy.

The instruinent is placed over any well-determined point and adjusted,
then it is turned in azimuth until the vertical thread bisects o geodetic
Point, which can readily be identified upon the image plate (desirable
also that the ordinate y of such point be sufficiently long to assure a
Correct measurement). )

Then will be given: the difterence of elevation of bisected point and
banorama station = L; the horizontal distance between these two = 1),
and y = ordinate of bisected point; and from equation (3%) we find for
a fairly accurate value, if the adjustments for securing the horizontal
Position of the 1nstrument were carefully made and if the ordinate y
Was measured upon the negative plate correct within 0.1,

The value for f can also be found, if the perspective contains several
Other points (besides the one bisected Ly the vertical thread) which
“an readily be 1dentified, by measuring both the vertical and horizontal
dngles (by observing all the points, including the one bisected). The
Values for « and @ thus obtained, including the values of the abscissa
(%) and ordinates (¥), measured nupon the image or negative plate, will
®nable us to compute /' by means of equations (1) and (4). By using the
Dean of these different determinations for J the computation, based
UDon the new values for » and ¥, ¢gan be repeated until an agreement is
foungq, :

Although the Italian pictures commanded an angle of but 420, the
Eil;g?fer part of §h0u1 contain one or more triangulut.‘inn points.  In all
Mlar cases, simunltaneously with the determination of tho value f
f:::::gipa'l focal length), it can 1)(? as‘certaix'le(l w]gcth.m- 1 he pic.turc (.if fche
, orsection of the crosswires coincides with the principal point of view

pon the perspective (fig. 7):

8, . . . . .
and § represent the pictures of two triangulation points upon the

berspective m n;
s f 8tation point or point of view;
Aand § 0 = vertical lines from & and § upon the line ot horizon
0 0" = ordinates y' and y of these two poiuts & and 8.
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It is desired to find V P (vertical to plane m ) and the position of
™ the point P in regard to ¢ and
O’ or the abscisse x and &’ of
the two triangulation pomts §
and &',

L and I/ represent the differ-
ences of clevation betwoen the
camera station (1) or the hori-
zon (00') and the triangulation’
points § and 8. D and J) are
the horizontal distances ot § and
&' fromn the camera station (17).

L, I/, D, I),as well as y and y’,
are known or can be measured
upon the chart projection and
negative plate; therefore the hor-

n izontal distances d and 4’ of the

Ifia. 5. pictured triangulation points §
and S from the point of view 17 can be computed from the following
equations (see fig. 5):

Dy
Dy’
d' = ]l/;l/

The horizontal angle 0/ V 0 (= @ + ') being observed in the field,
the othier two angles, y and 4, of the horizontal triangle 0’ 1" O (fig. 7)
can be computed as follows:

r—»3 d—d 0T
tan = = cot =
By substituting

N for =" and

D
. -
Mfor 77 =900 — o ; o

we will have:
r=M+4 N
S=M-—N

From the two triangles O’ P V and O I’ 1 (both are rectangular at P)
we find (fig. 7):
J =dsiny = {@’sin $
z=/[fcoty; a2 =/fcots
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also the angles of orientation

&7=900-—)’
@=900—-¢

The sum z + z' must be equal to the value 0 0’ found by careful
measurement upon the plate, and it must also be equal to the value of
O 0’ obtained from the following formula:

(d 4+ @) sin 0;0
00 =g ———
o —y
cos < -

Should the horizontal angle O ¥ 0’ not have been measured in the
field, then the angles » and & can be computed by carefully measuring
0’0 on the negative plate and using the following well-known formulas:

o_ |[p—=a)(p—00") 4

tan | = ~
2 P (p—4d

= JE=D (= 00)

tan 0 = \/ —-13“(10”—“&1"’)‘

[
Where P = (———l +d 9+ 0o

The angles of elevation « and a’y which arg either obtained by direct
Weasurement in the field or computed from the forinulas:

¢ L
QI . = .D
LI
tall (XI == D/
s]eI'VG to obtain check values for the valugs of ¥ and y’, measured upon
'¢ negative plate, by using the formulas:

U
Y= Gon e taN @ and

Y,
L . % /
. V= o5 o AN @
A
rhe value for f in above formulas being the same as found (page 60)
om the equation:
S=dsiny=d'sin d.

g ie"epeating t‘he computa't;ion with these new values for y and y’ the
ow }’aluetforlif can b‘e obtained very closely. For all practical purposes,
en ‘;Ker, it will suffice to take several pictures with a constant focal
theg » and to take the mean value of the ditferent J determined from

N © pictures.*
—

~

* A e
®¥ling
Dplig

Omparison of the valuo rend off on the graduated motal plate on the objective
Or with the resnlt obtained by computation will give the correction to be
d to the reading on said graduntion.
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Examples showing the application of the methods described in the foreyoing
pages.
I

In the panorama obtained from the “Punta Percia,” September 19,
1884 (this peak is on the divide between the valleys of the ¢“Rhémes”
and the ¢ Valsavaranche”), two stations, ¢ Punta Rouletta” and “Gran
Punta di Nomenon,” of the new Italian geodetic triangulation appear
upon the same plate (see fig. 8).

The following values are given for the computation:

Elevation of Punta Rouletta: .=3384-10™ Takel.l from th_(?

Elevation of Gran Punta di Nomenon:-:3483:42w ) (:;mtzl-logl}e Of.t“-
. ( angulationpoints.

Elevation of PPunta Percia: -3202-3--.horizon of panoramna station.

( Measured.graphically upon

{ the projection on drawing

{ board, scale: 5y

Distance: Percia-Rouletta:.= [) == 3250
Distance: Percia-Nomenon =-: 1) = 9720

P R9uletta

L 18l 33840 -k - L 279,77
&6.05 P. Nomnienon
3202.3 3202.a
D+3250m. b’ 9720m.

P Percia

v
1. 8.

The angle V (fig. §) at Percia included by the horizontal direetion®
to Rouletta and Nomenon =-: 280 02 30",

It is desired to find:

(1) Focal distance =-- /, the preliminary value, read off on the grad®
ation on plate attached to objective cylinder, is found to be abott
2445 wm,
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(2) The position of the principal point of view, which is fixed by the
determination of the abscisse z and a’.

(3) The position of the line of horizon, which will be located by ascer-
taining the values for y and y'.

The difference in elevation of Percia and Rouletta, according to the
given data, is: -
3384+10 — 3202-30 — 181-80™
The difference in elevation between Percia and Nomenon is

348842 — 3202-30=286-12m,

If we consider that the distances D and J ave great, and that the
above values are the apparent elevations, we will have to make a cor-
Tection for curvature and refraction to obtain the true values of I and
1/, as follows:

Difference of elevations: IPercia-Rouletta, =181-30™
Correction for curvature and refraction, = —0-70™

L =181-09™

Difference of elevations: Percia-Nomenon, =286-12"
Correction for curvature and refraction, =—G-35"
L/ =279-77"

By measuring the ordinates (» and #»’) and the absciss® (r and z’)
Upon the negative plate with a millimetre scale, provided with a vernier,
Which enables the computer to read &5"™ (the vernier being divided to
Tead ,; of the gradunation), we find:

The coordinates of Punta~Rouletta: x =46:05"m y =13-75mw
The coordinates of Punta-Nomenon: r'=7540" y'= 7:30uw

The value of d is found from the following formula:

D
d= Ly» (sec page 6O),
log D = log 3250 == 35118834
log y == log 001375 = 81383027
colog 1. = co.log 18109 = 7-7421055

log d = 93922916
d = 024677 = 246-77mm

iy similarly found:
log .D'=log 9720 = 39876663
log ¥ = log 0-00730 = 7-8633229
co.log L'= colog 27977 = 7-56531989
log d' = 9-4041881
d' = 0-25362m = 253-62mw
d4-d' = 0-50039™
d'—d = 000685
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The angles y and & (fig. 8) are computed by aid of the formula:

tan Y0 = ¥= oo, O'VO
an = ad cot. Z (page 60)

as follows:

V =280 02/ 30" ; 1/): = 14° 01/ 15"

y+6=1802— V = 151° 57/ 30 ; ?Ljﬁ =750 58/ 45 = M

log (A’ —d) = log 0-00685 = 7-8356906
log.cot };—: log cot 14° 01’ 15" = 0-6025567
co.log (d+d') = eo.log 0-50039 = 0:3006914
log Z; g — 87380387

Y—=90=300816""1=N

-l

Hence M+ N=yp=79° 07/ 01”1 1 and
M—N=¢="T2050" 289

The computation of /' based on the formulas (page GO)
S=d sin y and f=d' sin 6,

gives the following two values:

log d =9-3922916 log d’ = 94041881

log sin y = 99921180 log sin & = 9-9802269
log /' = 9-3844006 log f= 93844150
J=0242331" JS=0-242334™

mean value for f = 242-332mm,

The abscissie x and & are computed by aid of the two formulas
(page 60)

z=ftan @ x ——/ tan o’
@ =900 — y =102 52’ 58'".9 =900 — §=17009 31"
log f'=9-3844123 (mean log) log, j’ = 93844123 (mean log)
log tan = 92838045 log tan o’ = 9-4896221
log v =8:6683068 - log 2’ =8-8740344
_ == 46:59"™ 2 = T4-82mw
2 measured on plate = 46-05"™ measured &’ = 75-40m

diff. = 54 diff, = 42w
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Computation of the ordinates y and y':

S ’
Y= o8 tan « Y

S o —(b,-tun «' (pago 61),

= cos
(from station

a = angle of elevation of Punta Rouletta =3° 11/ 3()”% Percia. See
«’ = angle of elevation of Punta Nomenon = 1° 38’ 30} modelin Sup-

Lplement.
log f= 9:3844123 log f = 9-3844123
log tan «w = 87463444 log tan o’ = 8.4572812
co.Jog cos @ = 0-0078820 endog cos @ = 00197731
log ¥y = 81386387 log y' = 7-8614666
:l/ = 13.761111111 yl — 7.269xnm
y measured on plate = 13-75mm measured y’ = 7-30mm
diff, = 0.01m0m diff, = 0-03mm

IL

Owing to the fact that the distances D and D’ in the example treated
in Subject I are large, while the ordinates y and y' are quite small (due
to the small difference in the elevations of the two points Rouletta and
Nomenon compared with the camera station Percia), it will be prefer-
able first to determine f by means of the abscissie and then to compute
the values for the ordinates (¥ and y’), based upon this value of f and
the observed angles of orientation @, and @/’ (see Supplement, remarks
to station Percia).

The direction to the main point of view P> of the perspective con-
ta-illing the pictures of Rouletta and Nomenon is = 350° 00/ 00"/

Direction to point Nomenon (signal) = 3320 42/ 00"

Direction to point Rouletta (signal) = 00 44/ 30/
Direction to Rouletta = 360° 44/ 30"/
Direction to point P =350° 00’ 00"

Hence, & = 10° 44/ 30"

Direction to point P = 3500 00/ 00"
Direction to point Nomenon = 3320 42/ 00"

IHence, ey = 17° 18’ 00"
Computation of f:
x
~ tan @,
log x =log 46'05 = 1:6632296
co.log tan @, =co.log tan 10° 44/ 30¢ = 0-7219207

log f=2-3851503

J=242-745mm
8.Ex. 19, pt. 2—5
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Y tan @,/ _
log 2/ =log 75-40 = 1-8773713
co.dog tan w,’ = co.log tan 17° 18’ 00"/ = 0-5065903
log f=2-3839616
f= 242-082mm

Mean value for /' = 242:41mm
and from computation I we had f=242-33u™

diff. = 0-08wm

Computation of the ordinates y and y’:

log f=log 242:41 = 2-3845505
log tan @ =log tan 3° 11’/ 30" =8-7463444
co.log ¢os @y =co.log cos 10° 44’ 30" = 0.0076774

log y = 11385723

Y= 13.758mm
and computation I gave y =13-761"™

diff. = 0-003mm™

Yy = f—-/ tan o
cos !

log f = log 242:41 = 2:38455075
log tan o' = log tan 1° 38’ 30"’ = 8-4372812
co.log cos @' = co.log cos 17° 18’ 00/ = 0-0201054
log ¥’ = 0-8619371

y/ = 727 wm

and computation 1 gave: y' = 7-:269mm

diff, = 0:008mm
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111,

The following computation is of greater interest, the camera station
having been selected over a trigonometrical point of the Italian geodetic
triangulation system, thus admitting a direct comparison between the
elements of the perspective and the exact values of thesc same elements,
taken from the data of the triangulation work.

In the round of perspectives, obtained on September 21, 1884, ver-
tically above the trigonometrical point near the Royal Hunting Lodge
of Valsavaranche, there is one plate (%) which contains the pictures of
two triangulation points, ¢ Punta Ruja” and ¢ Gran Punta di Nome-
hon,” of the new geodetic triangulation.

;,:“P Nomenon
L+ 979.4m. L+ 1294.9 m.
2131sm, 219t sm.
/a- 5804.2m, d- 5022.am.
v Hunting Lodge
Fra. 9.
The following data are given for the computation:
4 . !
{evatlon of Punta Ruja (signal) = 3173-5™
. e"aaqon of Gran Punta di Nomenon (signal) = 3488-4m
SVation of the horizon of panorama station near the Royal
Unting Lodge of Valsavaranche = 21918
e tI‘l.a,ngle side Hunting Lodge — Ruja =D = 58042
118 triangle side Hunting Lodge — Nomenon = 1’ = 50296

he angle, V, between Ruja and Nomenon is = 13° 51’ 0450, (See
-)

(1;' i§ desired to find:
io ) The foeal length, f, approximately found by reading tho gradua-
oy objective tube, = 244-5om,
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(2) The position of the principal point of view (located by the abscissa®
x and x’').

(3) The true position of the line of horizon (located by the ordinates
y and y').

By careful measurements (mmade as in the preceding) we find:

The coordinates of Punta Ruja: r =24:80mm; y = 41-45mm
The coordinates of Punta Nomeuvon: 2/ =34:05"7; y’ = (3-50==
Elevation of Punta Ruja == 3173.6™
Elevation of point 1" = 2191-8m

Apparent difference of elevation = 981-7m
Correction for refraction and curvature = — 2:3®
True difference of elevation = 9T d4n=L,
Elevation of Punta di Nomenon = 3488:4m
Elevation of point of view (V') = 2191-8™
Apparent difference of elevation = 1296-6™
Correction for curvature and refraction = — 1-7™
True difference of elevation =1294-9m =T/
Computation of d = Dy
log D=1log  5804-2 =3-7637424
logy=1log 004145 = 8:6175245
co.log I.=co.log 979-4 = 7-0090399

log d = 93903068
d = 0245G44" = 245-G44"m

Computation of d' = D[/g/l
log ) =log 50296 = 37015334
logy' = log 0:06350 = 8-:8027727
codog L' = co.Jog 1294-9 = (8877438

log d’ = 9-3920709
d’' = 0:246644™ = 246-644mw
A+ d/ = 492-29mm
d/ — d —_— 1.()Omm

Computations * the angles y and 4:

y___—__§ ¥=d TV
tan £ aTa cot 5
VvV =13001’ 04//:50
%/': 60 557 327725

y 4 6 = 1800 — V" = 1660 08’ 55/-50
y+9o_ 83004’ 2775 = M

[
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log (&' —d)=log 0-00100 = 7-0000000

v
log cot < = log cot 6° 55/ 32//.3 = 0-9155400

codog (A4 d’) =colog 0-49229 =0-3077790
log tan 2572 = 3-2233196
V%00 57 2010 = N

M4+ N =840 01’ 569 =y
M — N=2820006'58"7T=6
Computation of f'=d sin y = @’ sin 6
log d = log 0:24564 - =9-3903068
log sin y = log sin 84001/ 56/"-9 = 9-0976401

log /'=9-3879469

J=0244313
log d'=  log 0-24664 = 9-3920709
log sin ¢ =log sin 820 06/ 58/"*7 == 9-9958757

log 7=9-3879466
S =0-244313m
Mean value for f= 244-:31wm

Computation of the abscisso:
x=ftan w
@ =900 —y = 5058/ 03-1
log (mean value of /') = 93879463
log tan @ =1log tan 5° 58’ 03/*1 = 90192462

log @ =84071930
o == 0:025538™ = 25-54mm
' = ftan o
o' =900 — 5 = 7° 53’/ 01//-3
log f = 9-3879468
log tan «’ = log tan 70 53/ 01//-3 = 9-1413601

_ log #' = 8:5293069
a' = 0-033830 = 33-§3mm

T = 25.54mm X = 33.83mm

measured & = 24-8Qmm measured 2/ = 34-05mm

M diﬁ'. = ()T4mm d].ﬂ‘. = ()*220um
€an difference = 0.48"" = correction for principal point of view

v s
.ermcal thread) on the plate.
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IV.

The plate (I’°) treated of, under Subject 111, is the fifth perspective of
the ten plates forming the panorama. These perspectives wereobtained,
as previously mentioned, by moving the optical axis of the camera sac-
cessively by 36° in horizontal plan, as indicated in the examples for
phototopographic stations in the Supplement.

The orientation for the entire panorama (set of ten plates) was
obtained by the exposure of the first plate () by directing the optlml
axis for this exposure to the trigonometrical point ¢ Punta Chandellei”
(i. e., by bisecting the signal at Punta Chandellei with the vertical
thread of the camera). (See fig. 10.)

bt

A
Y

D+ 3270.7m,

\//

We find, therefore, ou plate I” (fig. 11) the picture of the signal
Punta (Jlmndellel (8 in fig. 10), bisected by the vertical thread, and this
fact enables us to obtain the value for f more readily trom this plate by
meauns of the following formula (fig. 10):

TDI_ V8 x P'S
VP =f= =

For this computation the following data are given:

D =triangle side: Royal Lodge (signal)—Punta Chandellei

(signal) = V& = 32707 ™
The elevation of Punta Chandellei = 2811-72%
The elevation of Royal Lodge—elevation of horizon of V= 2191-80™

The ordinate y of image (8) of P. Chandellei, measured

Fia. 10.

on plate I/ = 46-25""
Computation of L= 8§
Elevation of Punta Chandellei = 2811-72m

Elevation of point V (camera horizon) =2191-80™

Apparent difference of elevation = (19-92"
Correction for curvature and refraction = —0-72m

True difference of elevation = 061920m= T,
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Computation of f = Dy _ V8 I'§

L 8§
log D =log 3270-7 = 35146407
log y=1log 0-04625 = 86651117
colog L =co.log 61920 = 7-2081691
log f = 9:3879215
J= 024430 = 244:30wm
P A Ryja
/
/

P aANomenon

0o =

n

Hunting Lodge

stez gg SE)

€99

P Vm g

|

|

I

|

AP Chandellei
Tie 11,
Y.

ofp)erspective Ps (fig. 11) shows, as previously mentioned, the pictures
.y Wta Rnja and Punta Nomenon, while the vertical thread of plate
186cts the picture of the signal Punta Chandellei, and as the horl-
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~zontal angles P'V P, P*V P, PPV P+ . . . . . . are uniformly
=360, the oriéntation of plate P?% for instance, will be:

P VP5=4x36°=144°

From the geodetic records we take the angle: Chandellei-Royal
Lodge-Nomenon = 135° 58’ 23//-25 and the angles: P*V P'—(Nomenon-

Royal Lodge-Chandellei)= e’
(Ruja-Royal Lodge-Nomenon)— &' =

With aid of these values for 67, @' and the value for f, see Subject I1I,
we can compute the values for x and y very closely. (See fig.11.)

The angle: (Chandellei-Lodge-P%)=P'VP? = 144° 00’ 00"
The angle: (Chandellei-Lodge Nomeuon)= IV No- =135° 58 2325
menon.

Therefore o' = 8° 01/ 36'"75
w=(Ruja-Lodge-Nomenon)—a'=13° 51’ 0450 — 8° 01’ 3675
= 5° 49’ 2775

Computation of the abscissa:

x =f tan @
log f=1log 244.31 = 9-3879408 (see computation Subject I1I)
logtan w=logtan 5049’ 27/-75= 9-00862063
log x = 83965731
T = 24-92mm
by measurement: x= 24-80mm

dift, = 0-12mm
z' = ftan &’
log f= 9-3879468
log tan @’ = log tan 8° 01/ 36"*75 = 9-1492780

log #' = 8-5372248
' = 34-4Hwm
by measurement: 2’ = 34-05mm

diff, = 0-40mm

19 .
The mean difference: 012 -‘})-_0 40 _ 0

should be applied to the vertical axis of plate 1%,

-26wm js the correction which
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Computation of the ordinates:

_ JL
Y= Cos el
log f = log 0-24431 = 9-38794068
log L =1log 9794 = 2:0909601
co.log cos @ = co.log cos 3° 49 2775 = 00022478
co.log D = co.log 5304-2 = 62362576

log y = 86174123

y = 00041439

Y= 41.44mm

by measurement: y = 41-45mm

R
V'= Goswr
log f = 93879408
log I/ = log 12949 = 3-11223(62
co.log cos @’ = co.log cos 8° 01’ 36"/:75 = 0-0042759
codog D' = co.Jog 5029-6 = G-2984G06

log y' = 8:8029255
Yy = 0-063522"» = (3-52mm
by measurement: y’ = 63-50»»

These five examples will elucidate the various relations between parts
of the perspectives and the terrene, as well as give the means to judge
°f the degree of accuracy of phototopography.

In practical work it would becowe too time consuming to malke such
Computations for all the plates, or even for all the panoramas, with the
nec@ssary minute graphical measurements.

If the camera has been carefully constructed it is generally accepted

at its optical axis is vertical to the image plate, and the value for f
0(;)1'_ any, or for all, panoramas which were obtained with the same
o Je(}tive and with the same constant focal length (that is to say,
Qotalned with the same reading of the scale on the objective tube) is

Mputed in practice in the following manner:

S the horizontal shiftings

PIVPe PrVIPs, P3VPY
We all = 360, the angles
'V, m VP V!,

Wi
\111' Do =180 cach. The value of P'm =mP? = P/ = . . . . is
he‘x); tan 180 =a™ = the value of the greatest abscissa of the plates;
ce,
f—— \__xm N
" tan 18°



74 U. 8. COAST AND GEODETIC SURVEY.

In the preceding (page 54) it has been stated that two adjoining
plates have a common margin, representing the terrene included by an
angle p Vq (fig. 11).  If tho negative plates are sufficiently clear, it will
be an easy matter to identify a point, m (fig. 11), on the two strips p ¢ of
two adjoining plates, which will be on or near the line of horizon, and
which will be m P’ distant from the vertical axis of plate I’ and m I”?
distant from the vertical axis of plate P? If we select such points w/,
% m% . . . . which can be identified upon two adjoining plates,
Pe—ps PPy P—1%, . . . . we will obtain a mean value, z", for
the entire panorama, by ail of which a good value for f can be obtained

from the formula:
; $1n
/= fan 185

Tor example: By means of ten negatives of & panorama station,
occupied with the latest improved Italian apparatus, it was found:

mm
gmfor I’! —P? =7710
pm 1.)2 __l):l — “"".15
aw Py — Pt =7700
™ P4 — P> =7740
xm P3 —PS6 =T7740 Y pm = 77-194™" = mean value.
om 1)6 _I)'I — 77.20
m PT —P —
™ Pt P =
r™ PO P = 7740,
axm 1710 __I)/ — 76.90)

log 77194 = 1-8875835
co.log tan 180 = 0-4882240

log f = 2-3758075
f = 237-6mm

The above values were obtained by using the negative plates and
reading the measurements, obtained by means of dividers, off the
graduated rulers of the .graphical instruments of the Royal Military
Geographical Institute.

Using the positives (prints) of the same panorama, the following

results were obtained:
mm

zm for P/ — I =76:25
™ P2 — P =170620
™ prs —p 76-10
™ P? — P" = 17670
z™ Pro—p! 76:00

I
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TFrom this the mean value for z™ is found = 7 Ge25mm
log 76.25 = 1-8822398
co.log tan 18° — 0:4882240

log f = 2:3704628
j‘ = 234.6711:111 — 234.7 mm

The negatives gave ™ =177-19
The positives gave " = 7625

di ﬂ" — 0-94 mm

5

) This shortening of the greatest abseissa of half amillimetre at either
Slde of the vertical thread on the prints is due to shrinkage of the
4x180em paper. The positive prints being extensively used in the map

‘onstruction, this shrinkage must be taken into account.



CaartER IIL
THE 1XXECUTION O} THYE FIELDWORK.

By a close inspection of the various panoramas upon which the con-
struction of the map is based, it readily becomes evident that not all
of the perspectives are adapted for illustrative purposes (to be used
to illustrate the Alpine character).

For cartographic purposes the panoramic views should not be taken
at too great a‘distance from the terrene which is to be delineated, in
order to preserve and show as much as possible of the topographic
details and also that the selected triangulation points may appear
sufficiently clear and well defined in the two or three views of the
panorama sct which contain their pictures. :

It will be best to select the distance from which views for illustrative
purposes are to be talken in such a manner that the camera station may
command an extensive field of the terrene. Illustrative views should
therefore, be taken from isolated prominent points and from such that
an readily be recognized upon the topographic map containing the
section photographed, thus assuring a rapid orientation and giving the
student of the map the means to form a correct opinion of the topo-
graphic character of the terrene by comparing such illustrative views
with the map.

With this object in view, a selection was made from the numerou$
panoramas obtained during former years and the selected perspectives
were copied with pen and ink by expert draftsmen, whose drawing$
were reproduced by photozincography and published with the addition
of all data needed to identify the camera station and to enable the
student to orient each view properly upon the map.

The requirements which the camera theodolite constructed under
the auspices of the Royal Military Geographical Institute was to sat-
isfy have been previously mentioned, and as a result of the improve
ments suggested and made by practical experience the apparatus now
in use in Italy furnishes the elements of the pauorama station in such
completeness that little needs to be added by extra operations and
computations before the map construction is begun, and, with due ref-
erence to the rough character of the terrene, the apparatus can easily
be dismmembered into pieces small enough to be takon to the most inac-
cessible points. Three small-sized knapsacks, each weighmg 7 to 8
kilogrammes, contain the theodolite, the camera, and ten negative
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Plates. They are carried by two soldiers and one guide, each bearing
one tripod leg, to be used as an alpenstock.

The fieldwork consists in the fitting up of a small laboratory, con-
Veniently located with due regard to communication, to a central posi-
tion, to facilities of transportation, accessibility of good water, ete. A
Sufficient number of bromo-gelatin plates are kept on hand packed
In air and water tight cases. From this laboratory the camp outfit is
taken to the neighborhood of the stations which are to be occupied.
The observer and party take daily excursions from this camp to the
Surrounding mountain peaks, replacing the plates exposed during the
day every evening by new ones to be used the next day.

After the camera theodolite has been put together and placed in
Position at a station, with favorable weather and light, precluding
Unforeseen accidents to the corrections and adjustments of the instru-
lent, an experienced observer will exceute the panorama and deter-
Mine the camera station within an hour.

To secure the position ot i camera station at least three or four
directions to surrounding geodetic points should be taken, as, if so
Many are not visible, that number of horizontal directions must be
taken to some other points which have previously been determined as
phOtotopo,r,rramphic stations, and which were provided with signals
Yefore leaving them. The vertical angles at these points are recorded
In g notebook. After the terrene to be photographed has been
focused upon, the circle reading of the focal length on the graduated
Metal plate on the objective tube is also recorded in this book if the
Dl'incipal focal distance has not been used.

_The panorama is obtained by clamping the instrument, after the
direction of the optical axis of the first perspective I’' has been
Secured, by bisecting a geodetic point (see fig. 11), and then revolv-
Dg the camera 36° for each successive exposure in order to obtain
g‘f l(lirections of the optical axes of the following perspectives:
? 3- . . . .

In the notebook (Model No. 1, supplement) all data are recorded which

2y be deemed useful or necessary for the selection of subsequent cam-
61'.a Stations, also the general incidents of the fieldwork at each station
:““6 or duration of exposure of the difterent plates, according to the
. aracter of illumination, in order to gather the means for regulating
ske Subsequent developing of the plates). Finally, a pencil outline

Cteh of the terrene, with valuable notes for the map (names, roads,

Aths, buildings, etc.), is made before leaving the station.

After all the stations around this camp have been completed, and if
themquired data havebeen gathered during theseveral traverses through
Country, from the camp to the stations, the camp is packed and the

‘:rty returns to the laboratory, where the recently obtained negatives

© developed and the occupied camera stations are plotted and marked

Pon the chart projection. All the finished punoramas left at the labo-
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ratory are catalogued and labeled. Then the party, with a new supply
of plates, proceeds to another camping ground to continue the work as
before.

In order to save time and trouble, it will be advisable to regulate the
general progress of the work in such a manner that the elevated points
are visited in the most favorable season (i. e., when the sunow has least
depth, when the passes are free from snowdrifts, and when the glaciers
can be passed over with the least risk). The lower regions, being nearer
to civilization, require less time and can be occupied at leisure at any
time during the season.

A good selection of the camera station is important, and should be
well considered and be made dependent upon the clevation and distance
of the points of the terrene to be surveyed, upon the scale of the chart,
and upon the character of the country (a diversified and broken terrene
will need more stations to control the same than an undulating and a
more regular section), still, with due regard to the limited length of the
working season in thesc clevated regions, it will also be advisable to
occupy no more stations than are really needed to develop the terrene
properly. The stations, finally, should be selected in such a manner
that the smallest area of the represented terrene is visible from three
or more stations. If any part is visible from two stations only, and if
it is of minor importance, its determination by two directions only may
be accepted if the points of the same are determined by good intersec-
tions (if the two lines of direction intersect each other at an angle of
60°-900).

Regarding the most favorable hours for exposing the plates, one must
be guided by local conditions; generally speaking, the trend of the val-
leys in comparison with the course of the sun is important; slopes
totally in shadow should not be photographed; neither is it advisable
to execute panoramas when the sun is low or near the horizon. In the
latter case an additional source of trouble would arise from the fact that
one or two perspectives, taken in the direction toward the sun, will be
cloudy and have a double set of cross wires, one set being printed by
rays which penetrate into the camera and the other in the usual man-
ner by the refracted rays through the lenses of the objective. Gener-
ally speaking, it will be found that the best results are obtained from
exposures made during the latter part of the forenoon, the atmosphere
having a greater percentage of vapor in the afternoon, particularly in
mountainous countries, ’

TFrom every negative plate obtained at least two positive prints are
made. One serves to determine the panorama necessary for the locg”
tion of the secondary points, while the other is used to measure the
abseiss:@e and ordinates needed for the map construction. All measure:
ments ghowld be made upon loose prints, as the pictures become greatly
distorted by being pasted on cardboards.



Crarter TV.

THYE IIORIZONTAIL PROJECTION.

In order to obtain the map, based upon the panoramas, two drawing
l‘)Oards are covered wiitl paper (gummed down on the edges). Oneis
Used as a constructing board (to make all graphical determinations of
Doints) and the other for the drawing of the finished charts; both are
Provided with a chart projection upon which the trigonometric points
Which were used during the field season are plotted by means of their
toordinates.

_ With the aid of a specially constructed graphical protractor and trac-
g paper the directions obtained
With tho theodolite in the ficld can
readily be plotted upon both sheets.
Thig protractor is shown'in figure 12,
t consists of two concentric circles
4 4 and B B. The former can be
loved concentric within the latter
%out the axis C, secured in the
fenter of A A. 'This rotary motion
8 applied to A A by means of two
Projecting ribs S and § on the plate
% @, the latter being secured to the
YNovaple circle.
The inner circle 4 A hasa gradua-
'on, divided into degrees and half
grees, while the outer circle B B
-tars o vernier #, the zero of which
l_ef* in the prolongation of the fidu-
“al edge of an arm b b, which is
:chll‘ely fastened to the outer circle
‘“d in a radial position to the same.
18 vernier n reads to half minutes. Fie. 12.
€ clamp screw P serves to secure the two .circles in any position.
mAll alidade ruler, D D, the fiducial edge of which lies also in the direc-

Wof a (iawmeter of the circles, is revolvable about the axis € and slides
‘D"“ the upper surfaces of the circles which are in the same plane.
48 alidade bears a vernier 2’y graduated like n, the zero of which.
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coincides with the fiducial edge of D D, The clamp screw I” serves
to clamp this movable arm- D D to the outer circle B B.

The axis C is a hollow serew bolt with conical interior, at the bottom
of which a thin piece of isinglass is secured in such a manner that
it can be renewed. This has a small puncture to indicate the center of
the circles and revolving axis.

When an ordinary protractor is used to lay off the different directions
from one camera station which were obtained by the theodolite in the
field all the necessary additions and subtractions to be made in order
to obtain the successive angles between these lines of directions absorb
much valuable time, especially when plotting a scries of panorama
stations,

Theprf)trzwtor shown in figure 12 can be used not only as any ordinary
protractor (by making the zero of the inner circle coincide with the zero
of the outer circle and clamping the two circles in that position by
meauns of the clamp screw P), but it can also be used to plot the direc-
tions upon the mayp in the same manner as they were obtained in the
field, by aid of the theodolite; that is to say, they can be referred to
zero or any other direction as the beginning, and then be plotted in suc-
cessive order. To do this, the inner circle is revolved until the zero of
the outer circle (vernier n) gives the same reading upon the graduation
of the movable circle as the theodolite reading for the prime direction;
then both circles are clamped together by the same clamp screw P.
The line of prime direction is drawn along the fiducial edge of the fixed
ruler b b upon the drawing (or upon the tracing paper, if the station i8
to be fixed or located upon the tracing of the lines), while the center of
the instrument coincides with the point representing the station upon
the paper.

The zero of the vernier #/ of the alidade D D is then successively
brought, upon the inner circle graduation, to the readings of the other
directionus radiating from the station point under the center of the pro-
tractor; each successive direction is plotted by drawing a pencil lin®
along the edge of the alidade D D). Care must be taken not to change
the primary position of the instrument as defined by the first liné
during these motions of the alidade.

The tracings of the lines radiating from the stations are obtained with
great accuracy by means of thisinstrument, If we have a sufficient nuit
ber of directions to well-determined points which are evenly distributed
about the station, their corresponding intersections upon both drawing
boards can be located with as much rapidity and accuracy as a graplv
ical construction will admit of.

This protractor serves also to locate: points on the constructio?
board which on account of importance or for reasons of control had
been bisected from numerous stations with the theodolite, and also, a8
will be shown, to orient a perspective view upon the board, if such
Jperspective contains no trigonometrical point, or if the image of sucl
i8 blurred and not sufficiently clear to be identafied with precision.
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After all stations, including such secondary points as have been deter-
Iined by theodolite directions from these camera stations, have been
plotted upon the two boards, the work of determinin g upon the construc-
tion board such secondary points as secem needed to complete the map is
talken up. For this purpose the various elements of the perspectives
are corrected and adjusted in the manner previously indicated, and all
Secondary points are selected and marked by searching for well-defined
boints which are common to two or more plates, carefully selecting
therefrom only sucl as seem
to be the most useful either X
for drawing the contours or A 8
for tracing the general trend
of mountain ranges, torrents
and streams, boundary lines
of glaciers, etc. The vpum-
ber to be selected depends
chiefly upon the adopted
8cale and upon the accuracy
to be attained. All such
Doints are marked upon the
Prints (perspectives) by nu-
lerals or letters in red ink.

Instead of drawing the
horizontal projections of all
Perspectives (or the poly-
8onsof the panoramas)upon
the construction board, 0"
uch time can be saved by
Using the instrument repre-
S8ented in figure 14. With
this instrument we can draw directly upon the construction board the

orizontal directions to the pairs or trios of points marked upon the
Prints without drawing the horizontal projections of said prints.

In figure 13, V represents the station point plotted upon the board,
0 0’ the horizontal projection of a perspective (which has been oriented
With reference to a signal point 8, a known and plotted point of the

Trene). '

V P is vertical to 0 0,

J'=focal length for the perspective 0 0.

P = principal point of view of the perspective,

Pgupon 0 0'is the measure of orientation (= o) of the perspective.

We now prolong V P through Vby V P=V P’=f and erect a per-
Pendicular to VP =0 (' in I, Likewise, prolong VB,V 4,7 S to

beir intersections with 0/ 0", which intersections are marked V', o/, ¢/,
I"’31)6(31’,ively. V P'=V Pand O O parallel to O’ 0/; hence the rectan-’

8. Ex. 19, pt. 2—6

T1a. 13.
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gular triangles V P’ a/, VP’ I/, and V P’ s’ are congruent with V' P a,
V P b,and V P s, respectively; therefore:

Pa=Pa=zx

Pl =Pb=2a" and,

Pig' = Ps, giving also the measure of orien-
tation (= @) of the perspective.

The construction of the graphic sector (fig. 14) is based on the pre-
ceding consideration, and it serves to draw from the station point, in
the plane of drawing, the various horizontal directions to secondary
points of the perspectives. ‘

The metal plate V' § &, shaped like a sector, can be revolved in the
plane of drawing about the center of a strong needle, puncturing the
station point in center (r) of sector.
This needle passes through an oblong
opening (of the same width as the
needle) of a revolvable button, 7
secured in ¥, and through a similar
slot in the metal plate V' .8 & at V.
The metal ruler B R’ is revolvable
about V, gliding with the end R’ over
the are 8 8 of the sector, and the
A fiducial edge of the ruler passing
v through the center of V',

This ruler is secured to the revolv-
able button » by means of a cylinder,
\ the bottom of which also bears a slot

[¢]
A

similar to those in the button and sec-
tor plate.

Wiien the ruler and button are in
a certain position the three slots it
sector plate, button, and ring of ruler
will coincide, and the needle can beé
inserted into the station point under
V, the center of rotation, through the
three slots. By a quarter turn of the
button » the needle will become iB-
closed in a square, of which the needle circumference forms the inscribed
circle. The entire instrument can now be revolved about the needle
ceuter in V., :

The lever screw m serves to move the prolongation arms a o' in @
suitable slide in the direction of the middle line of the sector. The
axis of this instrument coincides with that radius of the sector which
falls together with the middle line, passing through the center of V-
The steel ruler Tis perpendicular to this axis, and is secured to the pro
longation arms n 2/; it can be moved up or down, while maintaining 8
position perpendicular to the axis of the instrument, by means of the

¥ia. 14,
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Screw /m to positions parallel to each other. During such movements
of T'the ruler ends O and 0’ glide over two graduated metal strips » «/,
which are parallel to the axis of the instrument and upon which the
distance of a line coinciding with the fiducial edge O O’ of.I' from. the
center of the needle in ¥ can be read off to 0-1mv,

_ If the edge O O of the steel ruler T'is brought to a distance = f from
the camera station in center of 7 (by means of the screw m) it will.
represent the line of horizon or the horizontal projection of a perspec-
tive, obtained with the focal length = f (in inverse position, like theline
of horizon, viewed upon the ground-glass plate of the camera).

The point P, intersection of the axis of the instrument with 0 0/, is
the principal point of view, and it is accentuated by a small conical
cavity to reccive the point of one arm of the divider.

The screw ¢ serves to give the steel ruler 7' a permanent position
after it has been brought to the desired distance from thé center of
Yotation V. 'Two thumbscrews W and W’ (iuto which fine needles can
be inserted and held in place by clamp screws) serve to secure the metal
8ector in any desired position upon the drawing board. The arc 88 of
the sector is graduated to ten minates avd the zero of this graduation
Coincides with the axis V P of the instrument, giving readings from
00 to 250 on either side of V' P> upon this are.

The ruler or alidade I R’ bears a vernier to read fractions of the arc
Braduation. It is graduated to read half minutes. The thumbscrew
gelamp screw) Z of the alidade has a counterplato at its lower end and
1t serves to secure the end R’ of the alidade upon the arc of the sector
8nd upon the steel ruler 7.

In order to draw the lines of direction upon the construction board
to o point of the terrene, the picture of which has been selected and
Warked upon the perspective, the instrument is placed with its ¢center
of Yotation, ¥, over the needle, marking the camera station on the board
a‘_"d giving the button » a quarter turn (care must be takeu that the
Side bearings of the button » of the instrument have no loose play
f‘bol.m the needle), then O 0’ is moved by turning the scerew m until 0 0/
8 distant from center of V= J, whereupon the orientation of the instru-
Nent ig necomplished as follows:

Whl'?P is directed to bisect a plotted triangulation point, the image of
is t’Oh appears on the perspective with sufficient distinctness; its abscissa
aken from the print by means of a pair of dividers and plotted in

2 ® inverse direction, upon the line O 0, from the puncture in .P; the
N fldade R R is row gently brought into contact with tho other point
the dividers and secured in this position by clamping the screw Z.
ofoglthe.entire instrument is revolved about V until tlie other end R
Pos; ¢ alidade bisects the plotted point. The instrumentis held in this
Ition by pressing the small needles Wand W’ into the drawing board;
e‘end R’ of the alidade is now released and the abscisswm of all the
S8ireq points of the perspective are trausferred to the drawing along
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the line O 0’ from P, by means of the dividers, in their successive order,
but in inverse direction (the fiducial edge of the alidade being gently
brought into contact with the divider point cach time), and the lines of
direction are drawn with a sharp pencil along the fiducial edge of the
alidade end R.

Should the image of the triangulation point appear blurred upon the
. perspective, the instrument will have to be oriented upon the drawing
by means of the angle of orientation = @ of the perspective, which
angle is taken from the field book (Model No. 1, Supplement). The end
R’ of the alidade is placed and sccured in such a position that the
alidade R R’ forms the angle @ with the axis V.I> of the instrument,
which angle is read off (in the inverse direction) on the are § 8’ of the
sector. The instrument is then revolved about the needle in V, the
same as before, until the end It of the ruler passes thirough the trigo-
nometrical point in question. 'The instrument is then secured upon
the board in this position by means of the screws W and W’ and the
horizontal directions are drawn to the secondary points along R, in the
manner just described.

If a plate has been exposed while the vertical wire bisected a trigo-
nometrical point, the orientation of such perspective is accomplished
by making the zero of alidade-vernier coincide with the zero of the arc
graduation, § &, clamping R 2 in this position and directing the end B
to bisect the plotted trigonometrical point in question,

Should, finally, the perspective contain ‘no images of points previ-
ously located and plotted, then the zero of alidade is again made t0
coincide with the zero of the arc graduation and the instrument i8
revolved about the center of the needle until the fiducial edge It of the
alidade coincides with a line (which had been drawn by means of the
previeusly described protractor) which forms an angle in the station-
point ¥ with the direction to a triangulation point, which is equal 0
the angle of orientation (= w) of the plate and which is taken from the
field notebook (Model No. 1, Supplement).

After the horizontal directions have been drawn to the different
points of the panorama, they are provided with numerals or symbol8
corresponding with the characters affixed to the points upon the
panoramic views, in order to facilitate their identification when seek-
ing for the subsequent intersections with lines to the same points from
other camnera stations. In this manmner, shown in the preceding, the
positions of the secondary points in the planof the drawing are secure
by intersections, which will serve to make up the control of the map:
It is well to transfer to the fair drawing, by means of tracings, whicl
are oriented by the plotted trigonometrical points and previously
located panorama stations, all the different points obtained by inter:
sections upon the construction board, in order to erase therefrom &
lead pencil lines, which served for their determination and to obscur®
the subsequent constructions for the’positions of other points of th®
terrene as little as possible. 2



CHAPTER V.

THE HYPSOMETRICAL WORK.

After the position of the most important points of the second order
is well under control it remains to ascertain the elevations of the vari-
ous station and secondary points of the perspectives, in order to enable
the draftsman to interpolate the cuntours between these points.

By means of the graphical hypsometer, figure 15, the elevations of the
Dlotted camera stations can be ascertained, by means of their graph-
Igally measured distances from triangulation points and the correspond-
Ing angles of elevation of said points (measured with the theodolite),

Which are recorded in the ficld notebook

(Model No. 1, Supplement). The clevations of

all secondary points are determined with the
Sameinstrumentby meansof their graphically
neasured distances from the camera station
and their corresponding ordinates, y, to be
Teasured upon the perspectives.

Two rulers, L L’ and M M’ (fig. 15), can be
Made to glide with their ends along a ruler,
4 B, but always maintaining a perpendicular
Position to the same, for which purpose their
ends are secured to two sleighs, A/ and L/,
Which glide in two parallel grooves, g and ¢’ ,
along A B. The motion of I/ is free, and is
Accomplished by pushing the button O up or
down the ruler 4 B. )

M is provided with a ratchet and scrow P.

Y turning the latter in oue direction or the
Other the ruler M M is gradually moved up or
down 4 I3, the latter being provided with a
YOW of fine teeth into which the ratchet wheel

Tia. 15,

Of M’ Dites while P is being revolved. The alidade ruler d'd is secured
With one end, 4, in V, in such a'manner that d’d can be revolved about
Caxis of Vas ncenter, while the other end, d’, passes over a graduated
Are, Ggg'. Theplug in Vissimilarly constructed to the onein Vof the
8raphical sector, figure 14, previously described (it is provided with a
Tevolvable button which contains a slot in such a manner that the ruler
B ean be revolved simultaneousl y with the alidade d’d about a needle,
arking the station point on the construction board). In this instru-
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ment the piug, the revolvable button, and the alidade have cach a slot,
which intersect each other in the center of rotation V, and through
which the needle can be passed when they have a certain position and
then be sceured in place by a quarter turn of the button. The entire
instrument can be revolved about the needle, the center of which lies in
the directions of the fiducial edges of the ruler 4 B and alidade d'd.

The alidade is provided with a vernier, n, graduated to read half
minutes, on the gradaation of the limb G ¢ g’. This vernier serves to
lay off angles from 7 between the fiducial cdges of A Band d’d. When
d'd is brought close to and in contact with A B, the zero of the vernier
n and the zero of the arc graduation will coincide. The axis of this
instrument is represented by thut edge of A B (lying toward d’d) which
passes through the center of rotation 17, and which passes through the
zero of the graduated arc ¢ ¢ ¢'; it also passes through the point p of
the line p ¢, which is marked upon the raler A 3['. This line p ¢ corre-
sponds with the zero of a vernier, #/, which is attached to the ruler M M’
and which glides along the groove g when M M’ is moved up or down
A B. A Bhas amillimetre graduation, and by means of the vernier '
the distance of the line p ¢ from center of V can be read to 0.1,

‘When this line p ¢ is brought to the distance = f from V, by means of
the fine ratchet movement at M/, the line p ¢ can be regarded as the
axis of abscissic drawn upon the perspective, while the point P repre-
rents the principal point of view of the perspective (see fig. 5).

In this case the line p ¢ can also be regarded as the axis of the ordi-
nates of the perspective mn (fig. 5), provided the vertical plane (con-
taining V P and axis of ordinates) is supposed to be rotated about VP
until it coincides with the horizontal plane VP 0.

The poiut p is marked upon the line p g (in the sane way as described
for the sector) by a small puncture, which serves to receive one point
of the dividers, when such are used to lay off the abscissa: and ordi-
nates, taken from the perspectives.

After p q has been secured at a distance = f from the center V and
the abscissa 2 of a point «, taken froin the perspective m n, has beett
transferred to the line p ¢ frow p, the second point of the dividers upon
pqwill represent the horizontal projection &’ of the point a. If we now
move the alidade, d’d, until its fiducial edge touches the second point of
the dividers, the triangle formed by the edge of the alidade d’d, the
edge of the ruler A B, and line &’ p will represent the triangle V' Pa’ of
figure 3. '

The end & of the alidade is provided with a steel index mark, @
which can be moved along d’ d by means of a revolvable button, E, 8
ratchet movement, and teeth in a groove along d’ d. If this inde®
mark is moved to a’ (the intersection of fiducial edge of the alidade
and line p ¢ ou M M), the distance V a cutoff on d’ d will represent the
horizontal distance of the point a’ of the perspective from V (i. e, the
value d in figure 5). '
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Maintaining this index mark ¢ (fig. 15) in this position on d’ 4 and
revolving &’ d about 7 until its fiducial edge coincides with the edge p V'
of A B (i. e., with the axis of the hypsometer), then moving the ruler.
Af M’ away from V (by turning the ratchet button P) until the line p g
coincides with the index mark 7, we will have transferred the distance d
(fig. 5) upon the hypsometer axis; wo will have brought the line p g
{engraved upon M M) to a distance from the center of rotation (of the
needle) in 177 equal to d, and by transferring the ordinate y (fig. 5),
measured on the perspective m o with a pair of dividers, upon the line
D g (while the latter is still in the position just described), by inserting
one point of the dividers into the cavity p and bringing the fiducial
edge of the alidade d’ d gently into contact with the other point of the
dividers, resting on the line p ¢ (fig. 15), then the triangle Vp a of the
hypsometer will also represent the vertical triangle V «/ a of figure 5,
&xcept that it is now turned about V a’, as axis, into horizontal plan.

The movable ruler 72 I/, which will always remain perpendicular to
the hypsometer axis, consists of two plates joined firmly together at
their ends, between which the alidade @’ d (fig. 15) can glide when
Tevolved about V. - The upper plate of I I/ is slotted like the handle
of a penknife, and the edges I' L and L L’ are beveled and provided
With a millimetre graduation, the numerals of whicl correspond with a
8cale of 1:50000 /50 m =1 mm). A ratchet screw, ¢, serves to move &
Plate (X O K') with two index marks K and I, which can be made

coincide with the intersections of the fiducial edge of the alidadé
4 d and the two sharp graduated edges L I and L L/. The index
Plate & 0 K’ also has a double vernier, 2", on the opposite side of
the ratchet screw ¢, graduated to read ;™" (i. e., to read metres for
the oy scale) in connection with the millimetre scales I L and L L.

‘When the zeros of this double vernier #/' coincide with the zeros of
‘the graduated edges L L and L L/, the marks of the double index I{ and
‘K' will coincide with the edge V p of 4 B (i. e., with the axis of the
lnStrumen‘o) and also with the fiducial edge of alidade d’ d, the zero of

€ vernier n of the alidade also coinciding with the zero of the arc
8raduation @ g ¢’ (i. e., the fiducial edge of d &’ will fall together with

© axis p V of the instrument).
. In figure 5 A represents a point of the terrene, the image of which
s designated by « in the perspective m 2. 1f A’ is the projection of A
l‘} the horizontal plane passing through V,then 4 A’ will represent the
_lﬁ'erence of elevation = I between the points A and V., V A’ will be
18 horizontal distance = D of the point A from the ecamera station V,

Which distance is represented by 50—130_0 for a seale of map of 1:50000.

N Returning to figure 15, we imagine the bypsometer revolved about the
fedle center in V until the hypsometer axis p V passes through a

Plotteq point A’ in the drawing. If the ruler M J{’ had previously been

seellt‘ed'in such a position that the distance of p from V= d and if d d
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had been set to lay off the ordinate ¥ upon p ¢ from p, and if we now
bring the index mark K in & position to mark the intersection of the
fiducial edge of the alidade with the edge J; L, then the triangle V.4 A’
(fig. 15) will also represent (in the scale of 1:50000) the triangle V.4’ 4
of figure 5. The index mark I indicating on the edge L L the length

L
50000
camera station V by reading the corresponding vernier n'/

The triangles 7 p « and 17 A’ A (fig. 15) being similar ones, we will
have:

, we will find the difference of elevation between the point A and

AA Pa y
VAT VpTa
we found (page 58).
y L
a= D
A A L
hence T =D

D
and as 17 A’ = g0 We have

L
4 A= 55000

L =50000 x A A’

The numerals of the graduation of the edges I L and L L/ and of
the double vernier 2/’ give the value 4 4’ multiplied by 50,000, which
is the difference of elevation. .

It has been previously shown (page 58) that

L_y
tan a = .D = -d
A A
and therefore tan @ = g7

Hence, if we have the angle of elevation of a point A of the terrene
we need only to lay off this angle upon the graduated arc G g g’ bY
means of the alidade vernier %, from g, and place the index mark K
upon the intersection of the fiducial edge of alidade and edge L L (the
instrument having been placed upon the drawing in such a position
that the hypsometer axis passes through the plotted point A’), and then
read off on L and corresponding vernier #/ the difference of elevation
between camera station and point A.

This case becomes very much simplified when the image A’ of A i8
bisected by the vertical thread of perspective (axis of y), as then:

z=o0and d=j.

The alidade is placed so as to lay off the ordinate y of the point &
upou pg from p, after the ruler M M’ had been secured in a position ab
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a distance —f from V; then the index mark I or K is brought into

the point of intersection of the fiducial edge of d &/, with edge L L or

L L' of the ruler I I/ (the axis of hypsometer passing through the plotted

Doint 4’), and the difference of elovation between A and 17 is read off

either on the vernier corresponding -to the graduation I L or to thes
graduation - I’. The correction for curvature and refraction to Le

applied to these differences of elevation is taken from the ordinary field

tables.

A special list (Model No, 2, Supplement) is made for the secondary
Doints, in which they are tabulated according to the numerals or sym-
bols with which they were characterized on the perspectives, and they

are catalogued according to the panorama and perspective to which
~ theybelong. Thislistalso contains the differences of elevation between
‘them and the two or more stations whence they were determined, as
Well as their absolute elevations, the Iatter being the mean of the values
Obtained from the different stations and corrected for curvature and
Tefraction.

The elevations of the camera stations are the mean results of the
Values obtained by adding or subtracting the difference of elevation
(obtained by meauns of the graphical hypsometer) to or from the known
el.BVations of the triangulation points (using the vertical angles observed
With the theodolite and the graphically measured horizontal distances

etween plotted camera station and triangalation points).

After the secondary points,including their subscribed elevations, have

€en transferred from the construction board to the final plan, it
Temaing only to interpolate the contours between these points, in har-
Moy with the affixed figures, to sketch in the details and everything

at is needed, and to give the terrene its proper character, all based
Upon frequent refercuce to the perspectives of the terrene in question.

‘CONCLUSION.

hoﬁs the work at a phototopographic station can be finished withil} an
Willr or an houyr anq a halfy and as .two or three Wel‘]-selected stations
ameacontro.l the ]mrlzpnta-l and vertlcul'reprfasenmtun} of an extended
or y t-l‘le fieldwork will take no more .tnne t.or a detailed stlr\"ey than
Theal.g.‘eneml survey, as the persl‘)ectlves‘w‘l]l be the same for b(.)th.
01)0('1.?01‘9])% in the time needed for ob‘tzunmg a more or less detailed
‘givi,ﬁtdphw map depends upon the oﬁlce'wm‘k 0111y, every panorama
Ol‘i'lh the means to. construct therefmfn an unlnmteq mm%ber of
“ontal directions from the camera station to surrounding points, as
‘ll(?r:;mbe-r of fsefzondm‘y pbintg §clected from 'the persx)eeti'\ies can be
Taﬂ;ssed indefinitely to the limit of the patience and ability of the
nan,
be pancramic perspectives, hiowever, are not only important aids
© construction of the map, but they can also serve as subsequent
Gely upon the work of the draftsman, and if they are preserved,
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together with the catalogues containing the numerals, symbols, ete., of
their secondary points, their elevations, ete.; they can serve for future
illustrations of the mapped terrene, giving the relief modeler important
details to enhance and complete the natural character of the model, ete.

From the foregoing it is evident that phototopography is especially
well adapted for topographical surveys of mountainous regions, as the
ordinary topographical methods for such regious can be carried on
only during a few swmmer months each year with advantage. Even
in favorable seasons the weather will be very vacillating; clouds will
obscure during the warmer hours of nearly every bright day the more
elevated peaks, winds will carry misty vapors from one valley to
another, ete., so that the camera can obtain in a short bright interval
more topographical data than could be obtained in weeks of time with
‘the other instrumental methods, Even if the selected camping ground
is most favorably situated for the work, the ordinary topographer will
have to traverso long and difficult distances before he will reach a-
favorable point for a topographical station. Ie can not leave camp
before daybreak, and he can not risk a late return on account of the .
danger to life and limb (not mentioning his instruments) attending 8
tramp through rough mountain regions by night. e will arrive at the
selected station in a fatigned and nervous condition, have but-a short
time to spend there, and consequently will hurry through his obser-
vations. Asis well known, the topographer can, under general circum-
stances, determine prominent points by the intersections of horizontal
directions from a number of stations or by telcmeter readings from one
station. In order to secure the details, however, he will have to trav-
erse the country quite extensively and make numerous sketches in
order to give it the proper character and to delineate the terrene by
horizontal contours. Not many horizontal and vertical angles can bé
obtained in a single day either with the plane table, the theodolite, the
tachemeter,or other instruments, as the topographer will have to spend
a good deal of his time, at the station, in making sketches in order to
identify tlie points of the lines of direction for subsequent lines to the
same objects from other stations (in order to get the correct intersec-
tions).

The work will be still less encouraging if the use of the telemeter i8
depended upon to determine secondary and tertiary points, on account
of the slow progress, the danger to life and limb of the telemeter men
ete. If we add to this the low temperature and snow, it will be impos-
sible to work more than a few hours at one station with the plan®
table, theodolite, ete., to get directions and make sketches, It appears
certaiu, at best, that, under the conditions which always prevail in
mountains of an alpine character, the positions and elevations 0
prominent points only will be determined (and often only such ad
are absolutely necessary), the telemeter will be discarded, and the
characteristic forms of the terrene, which are only seen at a distancé.
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are sketchily represented. If details are mapped at all they will be
unreliable, and the hours at which they can be seen to the best
advantage are few. These facts render topographic surveys of such
mountains not only tedious, difficult, and expensive, but also unreli-
able. They explain why so few maps give tho true representation of
such regions, and they also show the great advantage to be derived by
applying photography to the surveys of all regions which are difficult
of access or inaccessible, and where snow, ice, and bad weather pre-
vail the entire year. The photographic perspectives will not only repro-
duce the terrene before onc’s eyes at any place, and at any time, but weo
can also construct a topographic map, based on, such views, with the
utmost correctness that may be demanded by science or industry. It
is evident, therefore, that phototopography is to be recommended in
the following cases:

1. For all mountains of an alpine character where, it the ordinary
topographic methods are followed, the lack of control will give but
lnediocre results.

2. For extensive scientific expeditions and explorations, for recon-
laissance in times of war, for topographic surveys in unhealthy local-
lties along the frontiers of belligerent nations, ete.

3. TFor surveys for geological studies, for projected railroads through
WMountains, for hydrographical surveys for river ameliorations; in short,
for surveys for all purposes where correct representation and charactar
Of the terrene, as well as full details, are desired.

4. For naval purposes or ou board of vessels fitted out for explora-
l7101153, to obtain coast views, topographic and hydrographic sketches
°_f hostile or barren coasts. ('wo or more shore stations are selected
from thie deck of the vessel and panoramic views are taken therefrom,
Care being had to include in these perspectives the vessel, anchored

Oats, buoys, moored flags and other secured objects which served to
outrol the soundings, simultaneously carried on with the topographic
Surv@y.) ,

A special apparatus, for use on shipboard, has been invented by

8ganini, It furnishes a vertical photograplic perspective of a known
°C5}1 length and at the same time gives the magnetic azimuth of the
btical axis of the camera for each perspective. The azimuths of all

'® points along the coast shown on the perspective can be taken

rectly from the perspective.

- Pio Paganini, engineer geographer and director of the phototopo-
Staphical work in 1taly, in a report recently made to the First Geo-

phical Congress in Italy, says the following, relating to the improve-

0ts of his camera theodolite (a German translation, by Fenner, of

I8 report has been published in the Zeitschrift fiir Vermessungs-

t8en, 1892):

the principal improvement to the camera theodolite consists in drop-

€ the eccentric telescope of the theodolite (Fig. A) and changiug the
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instrument so that the “photographic camera in itself will serve as @
centrally located telescope.”

Paganini accomplished this by replacing the ground-glass plate of the
camera by an opaque plate which has a Ramsden ocular leus in the
center. This new apparatus has all the details of a transit, with a cen-
trally located telescope. The same instrument serves to obtain the
photographic panorama as well as to measure the horizontal angles
necessary to orient the panorama or needed for the determination of
the camera station by resection, and to measure the vertical angles for
the determination of the elevations.*

The plates Nos. 6 and 7 of the new map of Italy, comprising the
terrene to the north of Chiavenna to Spliigen, were obtained in 1889
by means of the former instrument (Fig. A), and they are now com-
pleted and have been published. A comparison between a recent edi-
tion (scale s¢dgg, With contours of 50 metres interval, excepting .the
lowlands, where the interval is 10 metres) and the adjoining sheet of
the Swiss “Dufour Atlas” shows that the former appears to represent
the terrene more true to nature, and although the Swiss map ranks
higher from an artistic point of view, it 